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ABSTRACT 
The aim of this work was to prepare and structurally characterise 
a series of halogenc— complexes of tellurium (IV). The principal technique 
used i n the structural determination was to have been tellurium-125 nuclear 
magnetic resonance spectroscopy, used in conjunction with the method of 
pairwise interactions. Unfortunately, although this method has been used 
elsewhere with great success, the chemical shifts obtained i n the present 
study did not yield any consistent results, and the presence of a pair of 
electrons, not formally involved i n bonding, i s presented as a possible cause 
of this behaviour. 
Far-infrared and laser Raman spectroscopy were used in a qualitative 
manner to determine the configurations of the penta- and hexachlorobromo-
complexes and the results obtained were found to agree with those predicted 
by a stereochemical model developed for complexes of t i n . Assignments of 
new species were made, as far as possible, by analogy with published results 
for the corresponding complexes of selenium (IV) or antimony (V) and, i n some 
cases, different assignments are given for previously reported species of 
tellurium (IV). Complexes containing iodine were found to give more com-
2_ 
plicated results but the new species Tel^X^ (X=F,Cl,Br) were prepared and 
characterised as well as the TeBr^I anion. The attempted preparation of 
novel fluoro- species generally led to the isolation of the pentafluorotellurate 
anion, although the TeBr^F ion i s reported for the f i r s t time. 
The preparation of the unknown hexafluorotellurate anion was also 
attempted, and although i t could not be isolated, some evidence was obtained 
for i t s presence i n an excess of starting materials. 
Finally, the behaviour of tellurium dioxide i n anhydrous hydrogen 
chloride and hydrogen bromide has been studied. In both cases tellurium 
tetrahalide i s formed and, for the chlorine compound, further reaction occurs 
to yield a chloroxo- species. A possible reaction pathway is proposed. 
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PREVIOUS STUDIES IN TELLURIUM-12 5 NUCLEAR 
MAGNETIC RESONANCE (N.M.R.) SPECTROSCOPY 
Tellurium-125 (1=^; n a t u r a l abundance 7.03%) has a r e -
_3 
c e p t i v i t y of only 2.21 x 10 , r e l a t i v e t o t h a t of the proton, 
and t h i s has delayed the d i r e c t observation of i t s chemical 
s h i f t i n systems of i n t e r e s t t o the chemist u n t i l the advent 
of Fourier transform spectrometers, although measurements had 
been made on some s o l i d s t a t e systems."1" P r i o r t o t h i s , double 
resonance techniques were used i n which the t e l l u r i u m nucleus 
i n question was coupled t o a much more n.m.r.-receptive nucleus, 
u s u a l l y a proton. I f , when observing the proton spectrum, the 
sample i s simultaneously i r r a d i a t e d a t the t e l l u r i u m resonance 
125 1 
frequency, then the Te- H coupling w i l l be destroyed. A 
knowledge of the exact frequency t h a t gives optimum decoupling 
leads t o the t e l l u r i u m chemical s h i f t . The r e s u l t s , obtained 
using t h i s technique, f o r some o r g a n o t e l l u r i u m compounds, have 
been reviewed.^ 
The f i r s t high r e s o l u t i o n F o u r i e r transform study r e -
ported the e f f e c t of d i f f e r i n g s u b s t i t u e n t s on the chemical 
s h i f t s of 2 - s u b s t i t u t e d tellurophenes, and since then a range 
of organic t e l l u r i u m compounds has been i n v e s t i g a t e d i n c l u d i n g 
4 
benzotellurophene (Fig.1.1) and i t s d e r i v a t i v e s , t e l l u r o l 
5 
esters (Fig.1.2), 1,3-dihydrobenzotellurophene (Fig.1.3) and 
i t s dihalogeno- o x i d a t i o n products,^ c y c l i c and a c y c l i c phenyl-
t e l l u r i u m compounds,^^ d i - 2 - t e l l u r i e n y l k e t o n e ^ ^ (Fig.1.4) 
g 
and some t r i f l u o r o m e t h y l t e l l u r i u m compounds. 











and d i a r y l t e l l u r i u m d i c h l o r i d e s and diacetates"'""'" have also 
been studi e d . 
Very l i t t l e work has been reported on exchange i n 
12 
t e l l u r i u m compounds but d i a r y l t e l l u r i d e s and organic 
halogeno- compounds of t e l l u r i u m ( I I ) have been shown t o 
exchange slowly whereas o r g a n o t e l l u r i u m (IV) halides ex-
changed r a p i d l y even at 193K. The d i - and t e t r a h a l i d e s 
themselves were found t o undergo slow exchange at 213K. 
Chemical s h i f t s ranged from 1743 t o 3129 ppm. f o r t e l l u r i u m 
( I I ) compounds and from 1508 t o 2044 ppm. f o r those of 
13 
t e l l u r i u m ( I V ) . 
3 
14 15 4+ 2+ 2+ The polyatomic cations ' Te, , Te, Se , Te~Se. 1 6 4-n n 2 4 
2 + 
and Te^Se^ , e x h i b i t e d chemical s h i f t s between 152 and 3354 
, , 125 m 125 m 125 m 123 m , 125 m 77 0 ppm., and use of Te- Te, Te- Te and Te- Se 
coupling constants was made i n assignments. 
The most comprehensive l i s t i n g of chemical s h i f t s f o r 
16 
inorganic species has been presented by Goodfellow and t h i s 
i s reproduced below: 
TABLE 1.1 






H 2TeCl 6 
H„TeBr, 2 6 
H„TeI, Z 6 
(Bu 4N) 2TeCl 6 
( B u 4 N ) 2 T e B r 5 
H 6 T G 0 6 _ 















1M i n Me2C0 
1M i n T.H.F. 
1M i n D.M.F. 
1M i n T.H.F. 
1M i n HC1/D20 
1M i n HBr/D20 
1M i n HI/D 20 
0.4M i n (CD 3) 2C0 
0.3M i n (CD 3) 2C0 
1M i n D 20 
2M i n D 20 
The t e t r a f l u o r o t e l l u r a t e s (VI) c i s and trans (HO) 2TeF 4, 
H0TeF40Me and (MeO)2 T e F4 ^ a v e been prepared and t h e i r chemical 
17 
s h i f t s found t o occur between 640 and 653 ppm. . A study 
of the s o l v o l y s i s of o r t h o t e l l u r i c a c i d i n anhydrous hydrogen 
f l u o r i d e y i e l d e d s i g n a l s between 601 and 722 ppm., assignable 
t o a l l p o s s i b l e intermediate species between Te(OH)^ and TeF^, although the s i g n a l f o r TeF^ i t s e l f was not found 18 Assign-
4 
ments were made on the basis of Te- F coupling constants 
which l a y between 2754 and 3443 Hz. The chemical s h i f t of 
+ - 19 XeOTeFj- SbF^ has also been reported at 576 ppm. 
Cis-trans isomerism has been observed i n 
20 
P t C l 2 [ T e ( C H 2 C H 2 C 6 H 5 ) 2 ] 2 and the i r o n - t e l l u r i u m c l u s t e r 
21 
compounds Fe 2(y-Te 2)(CO)^ and Fe^(u3 _ T e) 2( c°)g gave reson-
ances a t -733 and 1123 ppm. r e s p e c t i v e l y . 
22 
Measurements of Larraor frequencies and temperature 
e f f e c t s on chemical s h i f t s as w e l l as a study of the r e l a x -
23 





The species which form the subject of t h i s chapter 
are discussed i n two sec t i o n s . The f i r s t s e c t i o n deals 
w i t h the w e l l known anions which contain only one halogen 
(excluding f l u o r i n e ) whereas the second deals w i t h mixed 
species, c o n t a i n i n g two halogens, some of which have not 
been p r e v i o u s l y r e p o r t e d . 
2.1 The Hexachloro-, .Hexabromo-, and Hexaiodotellurates 
Although s a l t s of these anions were known a t the time 
24 
of Berzelius, they received only minor a t t e n t i o n u n t i l the 
mid-1960's when f a r - i n f r a r e d , l a s e r Raman, Mossbauer and 
nuclear quadrupole resonance spectrometers became commercially 
a v a i l a b l e . This i n t e r e s t stemmed from the r e a l i s a t i o n , on 
the basis of e a r l y X-ray work, t h a t the octahedral s t r u c t u r e 
adopted by the anions, which possess fourteen valence e l e c t r o n s , 
d i d not conform t o the d i s t o r t e d octahedral s t r u c t u r e pre-
d i c t e d by the valence s h e l l e l e c t r o n p a i r r e p u l s i o n theory 
25 
of G i l l e s p i e and Nyholm. 
However, i n s p i t e of t h i s new i n t e r e s t there are s t i l l 
26 29 3 0 only f o u r recent reviews ~ and one monograph which r e f e r 
t o these species. 
2.1.1 X-Ray D i f f r a c t i o n Studies 
This technique was f i r s t a p p l i e d t o the potassium 
rubidium, caesium, ammonium and thalliuui(l) h e x a c h l o r o t e l l u r a t e s 
31 
by Engel. A l l , except potassium which was s l i g h t l y d i s -
6 
t o r t e d , were shown t o be i s o s t r u c t u r a l w i t h K~PtCl, and t o 
£ b 
c r y s t a l l i s e w i t h the f l u o r i t e l a t t i c e , and i n each case the 
anions formed p e r f e c t octahedra. Subsequent i n v e s t i g a t i o n s 
32 33 confirmed t h i s f o r the ammonium and rubidium s a l t s . 
Although f u r t h e r work reported noncubic symmetry i n the u n i t 
34 35 c e l l , the anions i n the d i p y r i d i n i u m , hexa-aquo magnesium, 
3 6 
and t e t r a k i s (ethylenethiourea) t e l l u r i u m ( I I ) s a l t s were also. 
found t o be octahedral. However, more recent work on the 
37 1 38 d i p y r i d i n i u m , bis(N,N -dimethylformamidine)disulphide, 
39 
hydroxydimethylsulphonium-dimethylsulphoxide and b i s [ ( 2 , 3 -
40 
dihydro-3-hydroxy t h i a z o l o [ 2 , 3 - 6 ] benzothiazolium]-dioxane 
s a l t s has shown some d i s t o r t i o n i n the anion t o be present, 
t h i s being ascribed t o the c a t i o n , probably v i a hydrogen 
bonding. 
A s i m i l a r p a t t e r n emerged from the reported s t r u c t u r e s 
- - •  - 41 42 42 4 3 of the hexabromotellurates. The caesium, ' ammonium ' 
and hexa-aquo magnesium^ s a l t s were found t o contain octa-
hedral anions i n a cubic s t r u c t u r e . The symmetry of the u n i t 
44 
c e l l i n the potassium s a l t was found t o be d i s t o r t e d from 
t h a t of I^PtClg although the anions were again octahedral. 
The d i s t o r t i o n was a t t r i b u t e d t o the r e l a t i v e size of the c a t i o n 
and anion, the l a t t e r r e o r i e n t i n g t o lock the former i n p o s i t i o n 
and thereby achieving more e f f i c i e n t packing. The DL-a-ammonio-w 4. • ..,45 (a) , , ,. . ., 45(b) n - b u t y r i c a c i d and protonated discucinamide s a l t s were 
found t o be monoclinic and possess s l i g h t l y d i s t o r t e d octahedral 
anions, the d i s t o r t i o n being ascribed t o hydrogen bonding. 
More extensive d i s t o r t i o n was observed i n the t e t r a m e t h y l -
ammonium s a l t and the anion was found t o d e f i n e a s l i g h t l y 
46 
f l a t t e n e d t r i g o n a l a n t i p r i s m . 
7 
The h e x a i o d a t e l l u r a t e s have been less e x t e n s i v e l y studied. 
47 48 - 35 The caesium, ' and hexa-aquo magnesium s a l t s were shown 
t o possess octahedral anions i n a cubic u n i t c e l l , whereas an 
+ 49 50 oxonium s a l t , (H7°3 ^ T e ^ ^ f ^ O and the potassium s a l t 
contain s l i g h t l y d i s t o r t e d octahedral anions i n an orthohombic 
and monoclinic u n i t c e l l r e s p e c t i v e l y . 
2.1.2 Nuclear Quadrupole Resonance (N.Q.R.) Spectroscopy 
N.q.r. spectroscopy can provide i n f o r m a t i o n on 
chemical bonding and molecular s t r u c t u r e i n the s o l i d s t a t e 
provided the nucleus under study possesses a quadrupole moment 
51 
and i s i n s u f f i c i e n t n a t u r a l abundance. Chlorine, bromine 
and i o d i n e s a t i s f y the f i r s t c o n d i t i o n and the technique has 
been s u c c e s s f u l l y a p p l i e d t o a number of hexahalogenotellurates. 
The e a r l i e s t work presented results much in agreement with 
, , . , _ v ,. c c . . 31,41,43,47,48,50 , . those obtained from X-ray d i f f r a c t i o n but 
ammonium h e x a i o d o t e l l u r a t e was assigned t o a s t r u c t u r e less 
r e g u l a r than t h a t of I ^ P t C l ^ . Rubidium h e x a i o d o t e l l u r a t e 
has been shown t o have two kinds of c r y s t a l l o g r a p h i c a l l y non-
equivalent iodine atoms at room temperature, only adopting 
the f l u o r i t e l a t t i c e above 328K, whereas caesium—hexachloro-^ 
t e l l u r a t e displayed only one resonance at a l l temperatures 
studied* i n d i c a t i n g the c h l o r i n e atoms t o remain equi v a l e n t . 
As mentioned above, n.q.r. can give i n f o r m a t i o n 
on chemical bonding. This can be achieved using the Townes-
55 
Dailey procedure t o assess the covalent character of the bond. 
As expected, the covalent character of the t e l l u r i u m - h a l o g e n 
bond increased w i t h decreasing d i f f e r e n c e between the e l e c t r o -
52 
n e g a t i v i t i e s of the elements forming the bonds, and was found 
54 
t o be lowest i n caesium h e x a c h l o r o t e l l u r a t e . 
8 
The e f f e c t of t h e c a t i o n on a n i o n symmetry has been 
5 6 
i n v e s t i g a t e d f o r h e x a c h l o r o t e l l u r a t e s . The aim of t h e 
work was t o t r y and d i s t o r t t h e a n i o n w i t h a c a t i o n of low 
symmetry and compare t h e r e s u l t s w i t h t h o s e o b t a i n e d f o r 
h e x a c h l o r o s t a n n a t e s and h e x a c h l o r o p l u m b a t e s . Any s t e r e o -
2_ 
c h e m i c a l e f f e c t of t h e l o n e p a i r (not p r e s e n t i n S n C l ^ or 
2-
P b C l ^ ) would be m a n i f e s t e d i n a d e c r e a s e i n i o n i c c h a r a c t e r 
( i n c r e a s e i n n.q.r. f r e q u e n c y ) as w e l l a s u n e q u i v a l e n c e i n 
t h e c h l o r i n e atoms. However, no s u c h r e s u l t s were o b s e r v e d , 
and t h e l o n e p a i r was presumed t o r e m a i n " i n e r t " . The 
methylammonium s a l t s of a l l t h r e e h e x a h a l o g e n o t e l l u r a t e s have 
57 
a l s o been shown t o p o s s e s s o c t a h e d r a l s t r u c t u r e s , a l t h o u g h 
t h e r e was some doubt about t h e s p a c e group f o r t h e h e x a c h l o r o -
s a l t ( C d l 2 a s opposed t o I ^ P t C l ^ ; t h e former b e i n g l a t e r con-
58 
f i r m e d by X - r a y work. ) . ™ ~ 4. .u • 57-59 , , . 60 , , Phase t r a n s i t i o n s and m o l e c u l a r motion have a l s o been s t u d i e d by n.q.r. i n t h e s e s p e c i e s . 
2.1.3 Mossbauer S p e c t r o s c o p y 
61 
The Mossbauer E f f e c t , a l s o known as n u c l e a r 
X-ray a b s o r p t i o n " o r f l u o r e s c e n c e , c a n be u s e d t o g a i n i n f o r m a t i o n 
on o x i d a t i o n s t a t e and t h e n a t u r e of bonding by p r o v i d i n g a 
measure of t h e s - e l e c t r o n d e n s i t y a t t h e n u c l e u s , i n terms of 
t h e s o - c a l l e d i s o m e r s h i f t . 
The e a r l y work of S h p i n e l et al^~^on h e x a h a l o g e n o -
t e l l u r a t e s d e m o n s t r a t e d a l i n e a r dependence of i s o m e r s h i f t 
on the electronegativity of the attached halogen atom. An i n c r e a s e 
i n h a l o g e n e l e c t r o n e g a t i v i t y c a u s e d a d e c r e a s e i n i s o m e r s h i f t 
r e f l e c t i n g t h e w i t h d r a w a l of s - e l e c t r o n s from t h e n u c l e u s and 
an i n c r e a s e i n t h e i o n i c c h a r a c t e r of t h e bond. 
T h i s work was l a t e r r e f u t e d by Gibb e t al ( s e e a l s o ) , 
who o b s e r v e d t h e r e v e r s e t r e n d between h a l o g e n e l e c t r o n e g a t i v i t y 
and i s o m e r s h i f t . T h e i r r e s u l t s were e x p l a i n e d i n terms of 
( i ) d i r e c t r emoval of e l e c t r o n d e n s i t y t h r o u g h t h e bonds and 
( i i ) r a d i a l e x p a n s i o n of t h e o r b i t a l i n v o l v i n g t h e l o n e p a i r 
as t h e e l e c t r o n e g a t i v i t y of t h e h a l o g e n i s d e c r e a s e d . Mechanism 
( i ) w i l l be e f f e c t i v e f o r a l l e l e m e n t s and, i n t h e a b s e n c e of 
a l o n e p a i r , w i l l l e a d t o t h e t r e n d o b s e r v e d by S h p i n e l et at; 
The e f f e c t of mechanism ( i i ) w i l l depend upon t h e n a t u r e of 
t h e l o n e p a i r o r b i t a l and t h e r e v e r s a l of t h e above t r e n d 
i n d i c a t e s t h a t t h i s mechanism i s dominant i n t h e hexahalogeno-
t e l l u r a t e s and t h a t t h e l o n e p a i r must p o s s e s s p r e d o m i n a n t l y 
6 7 
s - c h a r a c t e r . L a t e r work has c o n f i r m e d t h e s e r e s u l t s . 
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The most r e c e n t work ' has r e p o r t e d t h e a b s e n c e of 
any e f f e c t due t o a l t e r a t i o n i n t h e s i z e o r symmetry of t h e 
c a t i o n i n agreement w i t h t h e n.q.r. work of B r i l l and Walsh. 
However, one i n t e r e s t i n g r e s u l t o b t a i n e d was a d i f f e r e n c e i n 
isomer s h i f t f o r t e t r a p h e n y l a r s o n i u m h e x a c h l o r o t e l l u r a t e p r e -
p a r e d from t e l l u r i u m d i o x i d e i n c o n c e n t r a t e d h y d r o c h l o r i c a c i d 
when compared t o t h a t p r e p a r e d from t e l l u r i u m t e t r a c h l o r i d e i n 
d i c h f o r o m e t h a n e . I t was s u g g e s t e d t h a t t h i s may be due t o 
some d e p a r t u r e from o c t a h e d r a l symmetry i n t h e former but t h i s 
was not s u b s t a n t i a t e d . 
I t may be noted h e r e t h a t n u c l e i i n a n o n - c u b i c e n v i r o n -
ment c a u s e a q u a d r u p o l e s p l i t t i n g due t o h y p e r f i n e (non-coulombic) 
i n t e r a c t i o n s between t h e n u c l e u s and t h e s u r r o u n d i n g e l e c t r o n s . 
D e v i a t i o n from o c t a h e d r a l symmetry would c a u s e s u c h a s p l i t t i n g 
but i t has n e v e r been o b s e r v e d . 
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2.1.4 V i b r a t i o n a l S p e c t r o s c o p y 
The m e t a l h a l o g e n s t r e t c h i n g f r e q u e n c i e s f o r t h e s e 
complexes l i e i n t h e r e g i o n 140-260 cm-"'", t h e d e f o r m a t i o n modes 
b e i n g even l o w e r a t 60-150 cm-"1", i . e . i n t h e f a r i n f r a r e d r e g i o n 
of t h e s p e c t r u m . As mentioned p r e v i o u s l y , i n t e r e s t was a r o u s e d 
i n t h e s e s p e c i e s s i n c e t h e i r s t r u c t u r e d i d n o t appear t o a g r e e 
w i t h t h a t p r e d i c t e d by t h e e l e c t r o n - p a i r - r e p u l s i o n t h e o r y of 
G i l l e s p i e and Nyholm. T h i s i n t e r e s t was encouraged by a r e p o r t 
of a d i s t o r t e d s t r u c t u r e f o r t h e i s o e l e c t r o n i c compound, xenon 
7 0 ( a ) , (b) h e x a f l u o r i d e . 
F o r an o c t a h e d r a l s p e c i e s ( p o i n t group 0^) t h e 
f o l l o w i n g i n t e r n a l v i b r a t i o n a l modes a r e p e r m i t t e d : 
V l V 2 v 3 V 4 v 5 V 6 
Symmetry c l a s s a . e1 t , t n t 0 t _ 
l g g l u l u 2g 2u 
A c t i v i t y R R i . r . i . r . R i n a c t i v e 
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The e a r l i e s t work n o t e d t h r e e broad bands i n t h e 
i n f r a r e d s p e c t r u m . The most i n t e n s e band was a l w a y s a t much 
h i g h e r f r e q u e n c y t h a n t h e o t h e r two and t h i s was a s s i g n e d t o t h e 
a n t i s y m m e t r i c m e t a l - h a l o g e n s t r e t c h i n g mode, \>^. The low f r e -
quency band was a s s i g n e d t o t h e bending mode w h i l e t h e r e m a i n i n g 
band was a s s i g n e d t o a l a t t i c e v i b r a t i o n , both a s s i g n m e n t s b e i n g 
made by c o m p a r i s o n w i t h s p e c t r a of compounds known t o p o s s e s s 
c u b i c s t r u c t u r e s i n t h e s o l i d s t a t e , e.g. p o t a s s i u m h e x a c h l o r o -
s t a n n a t e . 
D e v i a t i o n s from e i t h e r t h e r e g u l a r o c t a h e d r a l 
s t r u c t u r e of t h e i o n or t h e c u b i c symmetry of t h e l a t t i c e would 
be e x p e c t e d t o produce a s p l i t t i n g of t h e f u n d a m e n t a l s , and, 
i f t h e d i s t o r t i o n s a r e a p p r e c i a b l e , t h e s e l e c t i o n r u l e s f o r s i m p l e 
o c t a h e d r a l a n i o n s would b r e a k down c o m p l e t e l y . However, o n l y 
d e v i a t i o n s i n t h e s i t e symmetry of some i o d o t e l l u r a t e s were 
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o b s e r v e d , where t h e y had been p r e d i c t e d t o be g r e a t e s t . 
The e f f e c t of t h e l o n e p a i r of e l e c t r o n s on t h e p o s i t i o n s 
of t h e v i b r a t i o n a l modes was p r e d i c t e d q u a l i t a t i v e l y by com-
p a r i s o n w i t h t h e c o r r e s p o n d i n g complexes of t i n ( I V ) . The 
i n c r e a s e i n n u c l e a r c h a r g e would p e r h a p s c a u s e t h e t e l l u r i u m -
h a l o g e n f r e q u e n c i e s t o be h i g h e r t h a n t h e c o r r e s p o n d i n g t i n -
h a l o g e n f r e q u e n c i e s . I n c o n t r a s t , t h e e x t r a p a i r of e l e c t r o n s 
on t e l l u r i u m would c a u s e an o p p o s i t e s h i f t and t h i s e f f e c t would 
predominate, b e i n g g r e a t e s t f o r t h e c h l o r o - c o m p l e x e s where t h e 
c o v a l e n t c h a r a c t e r of t h e bond i s l e a s t . 
F a r - i n f r a r e d s p e c t r a of t h e h e x a c h l o r o t e l l u r a t e s p e c i e s 
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i n s o l u t i o n showed t h e band t o p o s s e s s a h a l f w i d t h , w h i c h 
a l t h o u g h n a r r o w e r t h a n band i n t h e s o l i d s t a t e s p e c t r a of t h e 
c o r r e s p o n d i n g l e a d ( I I ) , b i s m u t h ( I I I ) and s e l e n i u m ( I V ) com-
pounds, was s t i l l b r o a d e r t h a n t h a t f o r n o n - i n e r t p a i r i o n s , 
e.g. t i n ( I V ) . 
The i n t e n s e c o l o u r o f t h e compounds had made Raman i n -
v e s t i g a t i o n s d i f f i c u l t u n t i l l a s e r e x c i t a t i o n became r e a d i l y 
a v a i l a b l e , a l t h o u g h some e a r l y work u s i n g mercury a r c e x c i t a t i o n 
had s u g g e s t e d h e x a c h l o r o - and h e x a b r o m o t e l l u r i c a c i d s t o be o c t a -
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h e d r a l . S u b s e q u e n t l y , a l t h o u g h t h e v e r y d a r k i o d o - compounds 
remained an o b s t a c l e , s p e c t r a were o b t a i n e d from a v a r i e t y of 
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s a l t s b oth i n t h e s o l i d s t a t e and i n s o l u t i o n . ' A l l showed 
t h r e e bands as e x p e c t e d , w i t h no s i g n of s p l i t t i n g due t o 
d i s t o r t i o n . A summary of t h e r e s u l t s i s g i v e n i n T a b l e 2,1. 
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TABLE 2.1 Summary of R e p o r t e d Raman S p e c t r a f o r t h e H e x a c h l o r o -
and H e x a b r o m o t e l l u r a t e s 
S P E C I E S V l V 2 V 5 
T e C l , 2 -







F a r - i n f r a r e d r e s u l t s were a l s o r e p o r t e d and a d i f f e r e n t 
i n t e r p r e t a t i o n was p l a c e d on t h e extreme w i d t h of t h e band : 
when compared w i t h t h e w i d t h of t h i s band i n t h e s p e c t r a of 
c o r r e s p o n d i n g compounds o f p l a t i n u m , t i n and l e a d . The s p a t i a l 
d i s t r i b u t i o n of t h e l o n e p a i r was c i t e d a s t h e ma j o r r e a s o n and 
t h i s i s d i s c u s s e d more f u l l y i n t h e n e x t s e c t i o n . Some doubt 
was a l s o c a s t on t h e a s s i g n m e n t s of and t h e l a t t i c e mode due 
t o v i b r a t i o n a l c o u p l i n g , e s p e c i a l l y i n t h e bromo- and i o d o -
compounds where t h e y a r e c l o s e i n f r e q u e n c y . I n t e r e s t i n g l y , 
two h e x a c h l o r o - complexes, t h e d i p h e n y l i o d o n i u m and t h e t e t r a -
p h e n y l a r s o n i u m s a l t s , showed a complex s p l i t t i n g i n t h e f a r -
i n f r a r e d and t h i s was t a k e n a s b e i n g i n d i c a t i v e of d i s t o r t e d 
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(C.^) s i t e symmetry f o r t h e a n i o n ( c . f . Mossbauer r e s u l t s ) . 
A l s o , and were o b s e r v e d i n t h e f a r - i n f r a r e d s p e c t r u m o f 
t h e t e t r a p h e n y l a r s o n i u m s a l t . C a l c u l a t e d v a l u e s of t h e i n a c t i v e 
mode, Vg were r e p o r t e d and p l a c e d between 80 and 125 cm f o r 
h e x a c h l o r o - complexes and between 40 and 90 cm ^ f o r hexabromo-
s p e c i e s . A summary of t h e s e r e s u l t s i s g i v e n below: 
TABLE 2.2 Summary of R e p o r t e d F a r - I n f r a r e d S p e c t r a f o r t h e 
H e x a h a l o q e n o t e l l u r a t e s 
S P E C I E S v 3 V 4 V L 
T e C l 6 2 -
m n 2-Te B r , o 











L a t e r work ' i s i n r e a s o n a b l e a c c o r d a n c e w i t h t h e s e 
r e s u l t s , a l t h o u g h some s p l i t t i n g was o b s e r v e d i n t h e Raman 
s p e c t r u m of p o t a s s i u m h e x a b r o m o t e l l u r a t e and a s c r i b e d t o a 
44 
l o w e r i n g of a n i o n s i t e symmetry ( c . f . X - r a y work ) . Raman 
s p e c t r a of h e x a i o d o t e l l u r a t e s were r e p o r t e d f o r t h e f i r s t t i m e 
-1 and v-^ was found t o be c o i n c i d e n t w i t h v^ a t 114 cm A g a i n 
d i f f i c u l t y was e x p e r i e n c e d i n t h e a s s i g n m e n t of low f r e q u e n c y 
bands i n t h e i n f r a r e d s p e c t r a and i n some c a s e s a c o m b i n a t i o n 
band, + v ^ , was p o s t u l a t e d , a l t h o u g h s p l i t t i n g of v ^ , i n 
s a l t s of unknown c r y s t a l s t r u c t u r e , c o u l d not be r u l e d o u t . 
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Adams has made an e x t e n s i v e v i b r a t i o n a l s t u d y of 
ha l o g e n o - complexes of t e l l u r i u m ( I V ) and t h e r e s u l t s f o r t h e hexa-
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c o o r d i n a t e s p e c i e s were r e p o r t e d l a t e r . S e v e r a l d i f f e r e n c e s 
were o b s e r v e d between t h e s p e c t r a of t h e t e l l u r i u m complexes 
and t h o s e of t he c o r r e s p o n d i n g complexes of t i n ( I V ) and 
antimony ( V ) . T h e s e were: 
( i ) was not o b s e r v e d w i t h any c e r t a i n t y above 60 cm ^, 
e i t h e r i n t h e s o l i d s t a t e or i n s o l u t i o n , 
( i i ) o c c u r r e d a t much lo w e r f r e q u e n c y , 
( i i i ) - v-^-and d i s p l a y e d comparable-Raman i n t e n s i t i e s , 
( i v ) v a a p p e a r e d i n t h e Raman sp e c t r u m of hexabromo-
t e l l u r a t e i n non-aqueous s o l u t i o n and h e x a i o d o -
t e l l u r a t e i n h y d r i o d i c a c i d s o l u t i o n , 
(v) f o r h e x a c h l o r o t e l l u r a t e s both i n t h e s o l i d s t a t e 
and i n non-aqueous s o l u t i o n was v e r y broad w i t h a 
h a l f w i d t h of 80 cm i n t h e former and 40 cm i n t h e 
l a t t e r . 
T hese e f f e c t s were e x p l a i n e d i n terms of dynamic pseudo 
J a h n - T e l l e r d i s t o r t i o n i n v o l v i n g t h e o c t a h e d r a l ground s t a t e and 
a l e s s s y m m e t r i c a l f i r s t e x c i t e d s t a t e . 
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Adams has a l s o p r o v i d e d a u s e f u l c o m p i l a t i o n of p r e v i o u s 
v i b r a t i o n a l r e s u l t s . 
F a r i n f r a r e d r e f l e c t a n c e s p e c t r o s c o p y h a s been u s e d t o 
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e s t a b l i s h t h e t r u e w i d t h of t h e band. The r e s u l t s show 
t h a t i t i s much b r o a d e r t h a n t h a t of t h e c o r r e s p o n d i n g com-
pounds of t i n or p l a t i n u m . 
L a s e r Raman s t u d i e s o f t h e h e x a c h l o r o - and hexabromo-
t e l l u r a t e s of p o t a s s i u m , r u b i d i u m , c a e s i u m and t h a l l i u m ( I ) r.e^ 
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v e a l e d no e f f e c t due t o a d i s t o r t e d e nvironment i n t h e a n i o n . 
The e f f e c t of p r e s s u r e on t h e i n t e n s i t y of t h e band has 
8 2 
been measured. The g a i n i n i n t e n s i t y w i t h i n c r e a s e i n 
p r e s s u r e was e x p l a i n e d i n term s of dynamic r e h y b r i d i s a t i o n 
whereby t h e l o n e p a i r a c q u i r e d some d i r e c t i o n a l c h a r a c t e r w i t h 
a moment opposing t h a t due t o t h e change i n n u c l e a r p o s i t i o n s 
d u r i n g t h e mode. As t h e p r e s s u r e i n c r e a s e d t h e ener g y 
l e v e l s a r e a l t e r e d and a permanent r e h y b r i d i s a t i o n o c c u r s w h i c h 
l o c k s t h e i n e r t p a i r i n one o r i e n t a t i o n . The e l e c t r i c moments 
a r e no l o n g e r opposed and d e v e l o p s i n t e n s i t y . 
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An e n t i r e l y d i f f e r e n t mechanism has been pro p o s e d b a s e d 
upon r e l a t i v e i n t e n s i t y s t u d i e s of and i n t h e mixed p h a s e s 
A 2 [ ( S n , T e ) X & ] (A=NH 4,K,Rb o r Cs; X=C1 or Br) and i n t h e p a r e n t 
h e x a h a l o g e n o s t a n n a t e s and - t e l l u r a t e s . The low i n t e n s i t y of 
i n t h e t e l l u r i u m compounds, e s p e c i a l l y t h e bromo- s p e c i e s , 
was e x p l a i n e d i n terms of d i r e c t p o p u l a t i o n of d e l o c a l i s e d , 
s o l i d s t a t e bands by t h e non-bonding e l e c t r o n s . I n a d d i t i o n , 
f o r c e c o n s t a n t c a l c u l a t i o n s l e d t o t h e c o n c l u s i o n t h a t , where 
both and v L a r e both o b s e r v e d , l i e s above v L f o r a l l 
compounds e x c e p t ammonium h e x a b r o m o t e l l u r a t e . 
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F u r t h e r work a t h i g h p r e s s u r e s r e v e a l e d two d i s t i n c t 
modes of b e h a v i o u r : ( i ) was v e r y weak o r a b s e n t a t ambient 
but d e v e l o p e d i n t e n s i t y a t e l e v a t e d p r e s s u r e ; ( i i ) v T was 
p r e s e n t a t ambient p r e s s u r e but r a p i d l y v a n i s h e d w i t h a p p l i e d ; 
s t r e s s . A l s o , i n s a l t s of o r g a n i c c a t i o n s , was e i t h e r 
a b s e n t and f a i l e d t o a p pear w i t h a p p l i e d p r e s s u r e o r Was v e r y : 
weak and r e t a i n e d i t s i n t e n s i t y under p r e s s u r e . 
To e x p l a i n t h e s e phenomena, a n t i b o n d i n g h a l o g e n o r b i t a l - ; 
or T e ( d ) - X ( p ) (X=halogen) o v e r l a p w i t h c a t i o n s l e v e l s t o 
form a c o n d u c t i o n band was p o s t u l a t e d . The e x t e n t of i n e r t -
p a i r d e l o c a l i s a t i o n by t h e s e means would c l e a r l y v a r y w i t h t h e 
r e l a t i v e e n e r g i e s of t h e o r b i t a l s , depending upon t h e p a r t i c u l a r 
c a t i o n - a n i o n c o m b i n a t i o n and s i n c e t h e e f f e c t of p r e s s u r e i s 
t o d e c r e a s e t h e e n e r g y gap between t h e v a r i o u s l e v e l s , t h e 
e x t e n t of i n e r t - p a i r d e l o c a l i s a t i - o n would a l s o be a l t e r e d . 
The two modes of b e h a v i o u r mentioned above can now be a c c o u n t e d 
f o r as f o l l o w s : ( i ) t h e r e i s l i t t l e d e l o c a l i s a t i o n a t ambient 
p r e s s u r e , but a t h i g h p r e s s u r e t h e c o n d u c t i o n band i s l o w e r e d 
r e l a t i v e t o the v a l e n c e band t h e r e b y a l l o w i n g g r e a t e r d e l o c a l -
i s a t i o n . - I n v o k i n g t h e dynamic d e h y b r i d i s a t i o n mechanism 
mentioned e a r l i e r t h e means of b a l a n c i n g t h e atom d i s p l a c e m e n t 
d i p o l e w i t h an e l e c t r o n i c one i s removed and d e v e l o p s normal 
i n t e n s i t y . ( i i ) The r e v e r s e argument a p p l i e s due t o d i f f e r e n t 
r e l a t i v e o r b i t a l e n e r g i e s . O r g a n i c c a t i o n s e f f e c t i v e l y e n v e l o p 
t h e a n i o n i n a h y d r o c a r b o n s h e a t h and so w i l l r e m a i n of 
low i n t e n s i t y . 
8 5 
A d e t a i l e d Raman i n t e n s i t y and p o l a r i s i b i l i t y s t u d y r e -
v e a l e d t h e o r b i t a l accommodating t h e i n e r t p a i r t o be s i g n i f i c -
a n t l y i n v o l v e d i n bonding t o t h e h a l o g e n s . A l s o , t h e s p e c t r a 
16 
of h e x a b r o m o t e l l u r a t e s c l e a r l y e x h i b i t e d a band due t o v ^ , 
7 9 
but t h i s breakdown of s e l e c t i o n r u l e s , o b s e r v e d p r e v i o u s l y , 
d i d n o t o c c u r i n t h e c h l o r o - s p e c i e s d e s p i t e t h e p r e d i c t i o n 
t h a t t h e c a u s e of t h e breakdown {pseudo J a h n - T e l l e r d i s t o r t i o n ) 
9 3 
would o c c u r t o a g r e a t e r e x t e n t . 
Low t e m p e r a t u r e v i b r a t i o n a l s p e c t r o s c o p y ^ ^ has r e c e n t l y 
been a p p l i e d t o t h e h e x a h a l o g e n o t e l l u r a t e s and t h e c h l o r o -
compounds of rubidium, caesium, ammonium and t h a l l i u m (I) yielded 
s p e c t r a v e r y s i m i l a r t o t h o s e r e p o r t e d p r e v i o u s l y and were 
86 88 
i n s e n s i t i v e t o c o o l i n g . The p o t a s s i u m ' and t e t r a m e t h y l -
86 87 
ammonium s a l t s ' underwent phase t r a n s i t i o n s and no e v i d e n c e 
of i n e r t - p a i r s t e r e o - c h e m i c a l d i s t o r t i o n c o u l d be d e t e c t e d . 
88 89 
H e x a b r o m o t e l l u r a t e s ' have a l s o been s t u d i e d and s i m i l a r 
r e s u l t s o b t a i n e d . 
The v i b r a t i o n a l r e s u l t s o b t a i n e d s i n c e t h e c o m p i l a t i o n 
of Adams a r e t a b u l a t e d below, ( T a b l e s , 2,3, 2,4 and 2 . 5 ) . 
2.1.5 Other S t u d i e s 
Much tho u g h t has been expended t o t r y and e x p l a i n 
t h e r e g u l a r o c t a h e d r a l geometry of t h e s e complexes. I t was 
_ _ - 90-
f i r s t s u g g e s t e d by Beach t h a t t h e c o n f i g u r a t i o n c o u l d be 
3 2 
e x p l a i n e d i n terms of 5p 5d 6s h y b r i d i s a t i o n , w i t h t h e l o n e 
p a i r i n t h e 5s o r b i t a l . The use of t h e 6s o r b i t a l i n bonding 
would t h e n a c c o u n t f o r t h e f a c t t h a t t h e o c t a h e d r a l r a d i u s f o r 
44 
t e l l u r i u m i s 25% g r e a t e r t h a n t h e t e t r a h e d r a l r a d i u s . Brown 
had d i s c u s s e d t h e s t r u c t u r e of p o t a s s i u m h e x a b r o m o t e l l u r a t e i n 
terms of non-bonding P a u l i r e p u l s i o n between a d j a c e n t bromine 
atoms. I f t h e a n i o n formed a p e n t a g o n a l b i p y r a m i d , t h e 
bromine-bromine d i s t a n c e would be 2.96A* o r o n l y about t h r e e -
q u a r t e r s of t h e Van d e r Waals d i s t a n c e ( 3 . 9 4 A ) . On t h e o t h e r 
17 
TABLE 2.3 
S o l i d S t a t e V i b r a t i o n a l D a t a of Some H e x a c h l o r o t e l l u r a t e s 
C a t i o n V l V 2 v 3 V 4 V 5 V L R e f . 
243 145 111 80 
295 246 145 81 
K + 





. 142 88, 70 83 
84 







R b + 
1 
i 



















290 248 ^265 141 64 86 
T l + 
295 259 135 81 
301 : 257 ^240 132 86 
258 146 108 80 
NH + 
300 248 252 150 140 111 83 
1 255 151 110 84 
300 248 ^2 4 5 ^140 142 106 86 
Me 4N + 
225 80 80 
236 78 84 
281 242 ^230 136 75 86 
E t 4 N + 219 60 80 
B u 4 N + 255 84 
18 
TABLE 2.4 
S o l i d S t a t e V i b r a t i o n a l Data of Some H e x a b r o m o t e l l u r a t e s 
> ! ' ! 
C a t i o n V l V 2 V 3 V 4 V 5 V L R e f . 
179 152 95 81 
K + 
176 162 198 
200 




176 154 ^195 100 99, 92 76 89 
184 148 94 81 
R b + 






179 153 ^200 89 55 89 
175 148 96 81 
C s + -






174 150 ^200 90 56 89 
+ T l 183 152 89 81 
178 154 199 118 81 84 83 
NH-4 + - - 195 125 - - - — 82 84 
178 153 ^200 ^118 79 84 89 
Me 4N + 167 146 ^183 93 93 64 89 
E t 4 N + 176 63 84 
PyH + 174 60 84 
TABLE 2.5 
S o l i d S t a t e V i b r a t i o n a l Data of Some H e x a i o d o t e l l u r a t . e s 





















E t 4 N + 157 100 55 84 
PyH + 147 103 50 84 
20 
hand, an o c t a h e d r a l arrangement would b r i n g t h e bromines o n l y 
o 
t o w i t h i n 3.82A of e a c h o t h e r w i t h a c o n s e q u e n t r e d u c t i o n i n 
energy, s i n c e o n l y c o u l o m b i c r e p u l s i o n s a r e now i n e f f e c t . 
72 
However, as p o i n t e d out by Ware, t h i s argument l o s e s much 
of i t s f o r c e i n t h e c a s e of t h e h e x a c h l o r o - s p e c i e s . 
91 
Urch had advanced a d i f f e r e n t e x p l a n a t i o n , b a s e d upon 
a q u a l i t a t i v e m o l e c u l a r o r b i t a l a p p r o a c h . F o r a g i v e n s e t of 
l i g a n d o r b i t a l s , t h e v a l e n c e s o r b i t a l of t h e c e n t r a l atom 
w i l l become l e s s i n v o l v e d i n bonding on d e s c e n d i n g and moving 
t o t h e r i g h t of t h e p e r i o d i c t a b l e . T h e r e f o r e , t h e a s s o c i a t e d 
a n t i b o n d i n g m o l e c u l a r o r b i t a l i n an o c t a h e d r a l t e l l u r i u m com-
p l e x ( s e e F i g u r e 2 . 1 ) , t h e a n t i b o n d i n g c h a r a c t e r of w h i c h would 
be s m a l l , would be a b l e t o accommodate a p a i r of e l e c t r o n s 
w i t h o u t d e t r a c t i n g from t h e s t a b i l i t y o r symmetry of t h e s p e c i e s , 
/ 
5p / , \ 
5s 
— t , a* 
/• \ l u 
/ \ / a, a* ^ l g \ 
/ \ 
\ / . \\ 
i \ y * 
/ \ y / 
/ x l u / / 
J v / M.O. DIAGRAM FOR A 
V / 4 d 1 0 5 s 2 OCTAHEDRAL 
i g 
0 
3 1 n / ^ / COMPLEX 
( n e g l e c t i n g d o r b i t a l s ) 
F i g u r e 2.1. 
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I f t h e 6s o r b i t a l of t e l l u r i u m i s i n v o l v e d a s s u g g e s t e d by 
Beach, t h e n t h i s w i l l become more t i g h t l y bound i n t h e p r e s e n c e 
of h i g h l y e l e c t r o n e g a t i v e l i g a n d s ( e . g . f l u o r i d e i o n ) . Even 
i f t h i s e f f e c t were s m a l l t h e energy gap between t h e l i g a n d 
o r b i t a l and t h e t e l l u r i u m 5s o r b i t a l w i l l be g r e a t e r t h a n t h a t 
i n v o l v i n g t h e 6s o r b i t a l so t h a t a p p r e c i a b l e i n t e r a c t i o n might 
be e x p e c t e d . The a n t i b o n d i n g o r b i t a l may t h e n assume a 
s l i g h t bonding c h a r a c t e r , and enhance' t h e s t a b i l i t y of t h e 
complex. 
Others, have u s e d U r c h ' s d e s c r i p t i o n s t o e x p l a i n t h e low 
f r e q u e n c y and extreme w i d t h of t h e band i n t h e i n f r a r e d 
75 
s p e c t r a of h e x a h a l o g e n t e l l u r a t e s . The motion o f t h e 
t e l l u r i u m atom i n t h i s mode i s s a i d t o produce an e l e c t r i c a l 
asymmetry ( i . e . t h e e l e c t r o n p a i r a c h i e v e s a t r a n s i e n t d i r e c t -
i o n a l e f f e c t ) w h i c h c a n l e a d t o exchange of energy v i a t h e 
enharmonic terms of t h e p o t e n t i a l f u n c t i o n . 
92 
M o l e c u l a r o r b i t a l c a l c u l a t i o n s have a s s i g n e d t h e 
e l e c t r o n p a i r t o an o r b i t a l , l a r g e l y of 5s c h a r a c t e r , 
93 
whereas e l e c t r o n i c s p e c t r a have s u g g e s t e d t h a t some d e l o c a l -
i s a t i o n may o c c u r . The p r e s e n c e of d i s t o r t e d e x c i t e d s t a t e s 
was a l s o a l l u d e d t o . 
94 95 
O t h e r work ' has i n t e r p r e t e d s i m i l a r r e s u l t s , a s w e l l 
a s t h e u n u s u a l bandwidths i n t h e i n f r a r e d and i n t e n s i t i e s i n 
t h e Raman s p e c t r a i n ter m s of a dynamic J a h n - T e l l e r e f f e c t 
i n t h e e x c i t e d s t a t e , t h u s s u p p o r t i n g t h e c o n c l u s i o n s of Adams 
79 
and Downs. 
The i n t e n s e c o l o u r s , c o n d u c t i n g p r o p e r t i e s and r e g u l a r 
o c t a h e d r a l s t r u c t u r e s o f t h e s e s p e c i e s have been a c c r e d i t e d 
t o t h e p o p u l a t i o n of c o n d u c t i o n bands i n t h e s o l i d s t a t e w h i c h 
9 6 : 
a r i s e from t h e mutual o v e r l a p of empty h a l o g e n d - o r b i t a l s . 
The i m p l i c a t i o n s of t h i s a p p r o a c h f o r t h e v i b r a t i o n a l r e s u l t s 
have been d i s c u s s e d e a r l i e r . 
A l t h o u g h t h e u n u s u a l Raman i n t e n s i t i e s have been 
a s c r i b e d t o J a h n - T e l l e r e f f e c t s , a t t e n t i o n has a l s o been 
drawn t o t h e p o s s i b i l i t y of a r e s o n a n c e Raman e f f e c t by w h i c h 
78 94 
v 2 and a r e s e l e c t i v e l y enhanced r e l a t i v e t o v ^ . ' 
L a c k of d a t a p r e c l u d e d any d e f i n i t e c o n c l u s i o n s but an i n v e s t -
i g a t i o n u s i n g d i f f e r e n t e x c i t i n g l i n e s h a s s i n c e been r e p o r t e d 
and t h e i n t e n s i t y of t h e v 2 band was found t o be dependent 
8 5 
upon t h e e x c i t i n g w a v e l e n g t h . 
2 . 2 Mixed H e x a h a l o g e n o t e l l u r a t e s 
97 
A y n s l e y p r e p a r e d d i p y r i d i n i u m t e t r a c h l o r o d i b r o m o -
t e l l u r a t e by d i s s o l v i n g t h e d i p y r i d i n e - t e l l u r i u m d i c h l o r i d e -
9 
bromide.adduct i n hot c o n c e n t r a t e d , h y d r o c h l o r i c a c i d . L a t e r , 
d i p y r i d i n i u m d i c h l o r o d i b r o m o d i i o d o t e l l u r a t e and t e t r a b r o m o -
d i i o d o t e l l u r a t e were p r e p a r e d s i m i l a r l y . 
More r e c e n t l y t h e t e t r a - e t h y l a m m o n i u m s a l t s of t h e d i -
c h l o r o t e t r a b r o m o t e l l u r a t e a n i o n have been p r e p a r e d and s t u d i e d 
9 9 
by v i b r a t i o n a l - s p e c t r o s c o p y , "and l a t e r t h i s work was ex-
tended"*"^ 0 t o i n c l u d e t h e f o l l o w i n g a n i o n s : 
T e C l 4 F 2 2 " 
T e C l 4 B r 2 2 -
T e C l 4 I 2 2 ~ 
2-
T e B r 4 F 2 
T e B r 4 C l 2 2 _ 
T e B r 4 I 2 2 " ' 
T e F 2 C l 2 B r 2 2 ~ 
T e C l 2 B r 2 I 2 2 -
23 
The compounds were p r e p a r e d by s i m p l y m i x i n g s t o i c h i o m e t r i c ; 
amounts of t h e r e l e v a n t t e t r a h a l i d e and h a l i d e i o n i n d i -
c h l o r o m e t h a n e or a c e t o n i t r i l e . A n a l y s i s of t h e s p e c t r a , 
i n v o l v i n g f o r c e c o n s t a n t c a l c u l a t i o n s , e n a b l e d t h e t e t r a -
c h l o r o d i b r o m o - and t e t r a b r o m o d i c h l o r o t e l l u r a t e a n i o n s t o be 
a s s i g n e d as t h e c i s i s o m e r s . S i n c e d a t a was i n c o m p l e t e o r 
of p o o r e r q u a l i t y f o r t h e r e m a i n i n g a n i o n s , normal c o o r d i n a t e 
a n a l y s e s were not c a r r i e d o u t and a s s i g n m e n t s were more 
s p e c u l a t i v e . However, t h e t e t r a c h l o r o d i f l u o r o and t e t r a -
b r o m o d i f l u o r o t e l l u r a t e s p e c i e s were a l s o a s s i g n e d a s c i s . 
P e t r a g n a n i et aVL<^^~ p r e p a r e d s a l t s of t h e t e t r a i o d o d i - ; 
c h l o r o and t e t r a i o d o d i b r o m o a n i o n s and a s s i g n e d t h e former 
as t r a n s , on i n f r a r e d e v i d e n c e . 
F i n a l l y , some t e t r a c h l o r o d i h a l o g e n o and t e t r a b r o m o d i -
h a l o g e n o complexes have been s t u d i e d u s i n g Mossbauer s p e c t r o -
- 69 - -scopy. I t was c o n s i d e r e d t h a t removal of e l e c t r o n d e n s i t y 
by t h e more e l e c t r o n e g a t i v e l i g a n d s would c a u s e an i n c r e a s e 
i n i s o m e r s h i f t ; and t h a t d i s t o r t i o n from o c t a h e d r a l symmetry 
c a u s i n g t h e 5s e l e c t r o n s t o become s t e r e o c h e m i c a l l y a c t i v e would 
c a u s e a d e c r e a s e i n i s o m e r s h i f t . However, t h e v a l u e of t h e 
i s o m e r s h i f t i n t h i s s e r i e s a p p e a r e d t o be i n s e n s i t i v e t o t h e 
n a t u r e o f t h e a t t a c h e d h a l o g e n s , a l t h o u g h f l u o r i n e d i d c a u s e a 
s l i g h t d e c r e a s e , i m p l y i n g t h e s e c o n d e f f e c t t o be dominant. 
Quadrupole s p l i t t i n g was not o b s e r v e d . 
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RESULTS AND DISCUSSION 
2 . 3 The Hexachloro-, Hexabromo- and H e x a i o d o t e l l u r a t e s 
2.3.1 Raman S p e c t r a 
S p e c t r a w e r e r e c o r d e d f r o m t h e t e t r a b u t y l a m m o n i u m 
s a l t s i n t h e s o l i d s t a t e and a l s o i n a c e t o n i t r i l e and d i c h l o r o -
m e t hane s o l u t i o n s , a l t h o u g h s o l u t i o n s p e c t r a c o u l d n o t be 
o b t a i n e d f r o m t h e h e x a i o d o - s p e c i e s . The s o l i d phase s p e c t r u m 
o f t e t r a b u t y l a m m o n i u m h e x a i o d o t e l l u r a t e d i s p l a y e d bands a t 
60m, 1 0 8 s , 1 1 8 s , 149w, 170w and 223vw c m - 1 . The l o w e s t 
f r e q u e n c y b a n d i s t e n t a t i v e l y a s s i g n e d t o v^., w h i l e t h e n e x t 
t w o h i g h e s t f r e q u e n c y bands a r e a s s i g n e d t o a n d r e s -
p e c t i v e l y , t h e f i r s t t i m e t h e s e h a ve been o b s e r v e d s e p a r a t e l y . 
The bands a t 149 and 170 cm ^ c o u l d e i t h e r be a s s i g n e d t o v ^ , 
a p p e a r i n g i n t h e Raman due t o a l o w e r i n g o f s i t e s y mmetry o r 
78 
a J a h n - T e l l e r e f f e c t ( S e c t i o n 2 . 1 . 4 ) . S i n c e Adams a t t r i b -
u t e d a Raman b a n d a t 148 cm ^ t o i n c o n c e n t r a t e d h y d r i o d i c 
a c i d s o l u t i o n , t h e l a t t e r e x p l a n a t i o n i s p r e f e r r e d h e r e . 
F i n a l l y , t h e f e a t u r e a t 223 cm i s t e n a t i v e l y a s s i g n e d t o a 
c o m b i n a t i o n b a n d + v^' 
The r e s u l t s f o r t h e h e x a c h l o r o - and hexabromo-
s p e c i e s , t o g e t h e r w i t h a s s i g n m e n t s a r e g i v e n b e l o w : 
TABLE 2.6 
Raman S p e c t r a o f t h e H e x a c h l o r o - a n d H e x a b r o m o t e l l u r a t e S p e c i e s 
SAMPLE STATE 
( B u 4 N ) 2 T e C l , 6 ( B u 4 N ) 2 T e B r , 6 
A S S I G N M E N T S 
v l v 2 v 5 V l v 2 v 5 
S o l i d 285s 245m 129 171s 150m 82sh 
D i c h l o r o m e t h a n e S o l u t i o n * 252 137 171 1 5 1 82 
A c e t o n i t r i l e S o l u t i o n 287 250 128 170 151 76 
* o b s c u r e d by s o l v e n t b a n d . 
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The r e s u l t s compare w e l l w i t h t h o s e o b t a i n e d by 
78 Adams. A s h o u l d e r on t h e b a n d o f t h e h e x a b r o m o - t e l l u r a t e 
i o n i n s o l u t i o n was a l s o o b s e r v e d a t 190 cm ^ and a s s i g n e d t o 
v ^ . Adams a t t r i b u t e d t h i s b r e a k d o w n i n s e l e c t i o n r u l e s as 
w e l l as t h e u n u s u a l r e l a t i v e i n t e n s i t i e s t o a d y n a m i c J a h n -
T e l l e r e f f e c t as d e s c r i b e d e a r l i e r ( S e c t i o n 2 . 1 . 4 ) , a l t h o u g h 
t h e l a t t e r has now been e x p l a i n e d i n t e r m s o f a p r e - r e s o n a n c e 
Raman e f f e c t ( S e c t i o n 2.1.5) . 
2.3.2 F a r - I n f r a r e d S p e c t r a 
These a r e r e p o r t e d f o r t h e t e t r a b u t y l a m m o n i u m 
s a l t s i n t h e s o l i d s t a t e . 
TABLE 2.7 
F a r - I n f r a r e d S p e c t r a o f t h e H e x a c h l o r o - , Hexabromo- a n d 
H e x a i o d o t e l l u r a t e S p e c i e s 
SPECIES FREQUENCIES (cm 1 ) 
T e C l , 2 -o 
2-TeBr , 6 
2-T e l , 6 
95vw, 132w, 144vw, 2 2 0 v s , 245sh, 278sh 
83w, 114vw,151m, 181vw 
88w, 1 1 6 s h , 146s, 151s, 171m 
S i n c e t h e c r y s t a l s t r u c t u r e s o f t h e s e compounds 
have n o t been d e t e r m i n e d , s p e c t r a l a s s i g n m e n t i s d i f f i c u l t 
a nd c a n o n l y be t e n t a t i v e , e s p e c i a l l y f o r t h e h e x a c h l o r o -
78 
compound. Adams o b s e r v e d t h r e e bands i n t h e s p e c t r u m o f 
t e t r a b u t y l - a m m o n i u m h e x a c h l o r o t e l l u r a t e a t 1 1 1 , 228 a n d 250 cm 
These w e r e a s s i g n e d t o a l a t t i c e mode, a n d r e s p e c t i v e l y , 
t h e l a t t e r u s u a l l y b e i n g i n a c t i v e i n t h e i n f r a r e d . The o n l y 
84 
o t h e r s t u d y t o i n c l u d e t h i s s a l t r e p o r t e d a s i n g l e b a n d a t 
255 cm-"'', a s s i g n e d t o v^- I n t h i s w o r k t h e l o w e s t f r e q u e n c y 
a b s o r p t i o n was o b s e r v e d as a v e r y weak, b r o a d f e a t u r e c e n t r e d 
a r o u n d 95 c m - 1 , and i s a s s i g n e d t o a l a t t i c e v i b r a t i o n . Two 
26 
more v e r y weak bands w e r e o b s e r v e d a t 132 and 144 cm-"1', t h e 
l a t t e r o f w h i c h was a l s o o b s e r v e d as a weak f e a t u r e i n t h e 
s p e c t r u m o f t e t r a b u t y l a m m o n i u m h e x a f l u o r o p h o s p h a t e and i s 
t h u s a s s i g n e d as a c a t i o n mode. The f o r m e r i s t h e n a s s i g n e d 
t o v ^ . The s p e c t r u m i s d o m i n a t e d by a v e r y i n t e n s e , b r o a d 
f e a t u r e , s e e m i n g l y s p l i t i n t o t w o components c e n t r e d a r o u n d 
220 cm""1" and 245 cm""'', and w i t h a h a l f w i d t h o f a p p r o x i m a t e l y 
— 1 78 100 cm . These v a l u e s a r e i n r e a s o n a b l e a g r e e m e n t w i t h Adams 
and a r e a s s i g n e d a c c o r d i n g l y . The h i g h e s t f r e q u e n c y b a n d i s a 
s h o u l d e r a t 278 cm ^ a n d has p r e v i o u s l y b e e n a s s i g n e d t o a com-
b i n a t i o n band, v . + v c , i n F e r m i r e s o n a n c e w i t h v o f i n t h e 
4 b 3 77 86 c a e s i u m , ammonium, t e t r a m e t h y l a m m o n i u m and p o t a s s i u m s a l t s 
as w e l l as t h e Raman a c t i v e b a n d i n t h e t e t r a p h e n y l a r s o n i u m , 
75 78 d i p h e n y l i o d o n i u m , c a e s i u m and t e t r a e t h y l a m m o n i u m s a l t s . 
The f o r m e r s t u d i e s assumed o c t a h e d r a l s ymmetry f o r t h e a n i o n 
w h e r e a s t h e l a t t e r s u g g e s t e d a l o w e r i n g o f symmetry. A l t h o u g h 
t e t r a p h e n y l a r s o n i u m and d i p h e n y l i o d o n i u m s a l t s may w e l l be 
d i s t o r t e d , t h e r e i s no e v i d e n c e f o r t h i s i n t h e c a e s i u m o r 
t e t r a e t h y l a m m o n i u m s a l t s a nd i n t h e ab s e n c e o f any s u c h d a t a 
f o r t h e t e t r a b u t y l a m m o n i u m s a l t , t h e s h o u l d e r i s a s s i g n e d t o 
t h e c o m b i n a t i o n b a n d . 
78 — 1 Adams has r e p o r t e d bands a t 109 and 183 cm 
f o r t e t r a b u t y l a m m o n i u m h e x a b r o m o t e l l u r a t e and a s s i g n e d t h e m 
t o a n d r e s p e c t i v e l y . The bands a t 114 a n d 183 cm ^ 
o b s e r v e d i n t h i s w o r k a r e t h u s a s s i g n e d a c c o r d i n g l y . The 
weak f e a t u r e a t 83 cm ^ i s t h e n a s s i g n e d t o a l a t t i c e mode 
- 1 2-w h i l e t h e band a t 151 cm i s a s s i g n e d t o v 2 > ( c . f . T e C l ^ ) 
t e n t a t i v e l y a s s i g n e d as s u c h b y Adams i n t h e p y r i d i n i u m and 
t r i s e t h y l e n e d i a m i n i u m s a l t s . 
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T e t r a b u t y l a m m o n i u m h e x a i o d o t e l l u r a t e has been 
r e p o r t e d t o show t h r e e bands a t 115, 136 and 153 c m - 1 , t h e 
f i r s t b e i n g t e n t a t i v e l y a s s i g n e d t o and t h e r e m a i n d e r t o 
I n t h i s w o r k t h e b a n d a t (116 cm -^ i s a s s i g n e d t o 
w h i l e t h o s e a t 146 and 151 cm ^ a r e a s s i g n e d t o v ^ . The 
f e a t u r e a t 88 cm ^ i s t h e n a s s i g n e d t o a l a t t i c e mode w h i l e 
t h a t a t 1 7 1 cm ^ i s a s s i g n e d t o a f u r t h e r component o f 
( c . f . Raman r e s u l t s ) . 
2.3.3 T e l l u r i u m -125 N.M.R. S p e c t r a 
TABLE 2.8 
T e l l u r i u m -125 N.M.R. S p e c t r a o f t h e H e x a c h l o r o - , 
Hexabromo- a n d H e x a i o d o t e l l u r a t e S p e c i e s 
^~^SPECIES 
S 0 L V E N T ^ ~ ~ \ ^ ^ T e C l ,
2 
6 
2-T e B r , 6 
2-T e l , 6 
DICHLOROMETHANE 1353 1330 1257 
ACETONITRILE 1377 1358 1252 
1334 
ACETONE 1123 1342 1494 
The r e s u l t s i n d i c h l o r o m e t h a n e s o l u t i o n e x h i b i t a 
n o r m a l h a l o g e n dependence w i t h s h i e l d i n g i n c r e a s i n g w i t h t h e 
d e c r e a s e i n e l e c t r o n e g a t i v i t y o f t h e s u b s t i t u e n t h a l o g e n ; i n 
a c c o r d a n c e w i t h t h e r e s u l t s f o r h e x a h a l o g e n o - c o m p l e x e s o f 
, , 102 ^ . 103 . . 104 . . . 105 , 106 p h o s p h o r u s , t i n , a n t i m o n y , p l a t i n u m a nd t h a l l i u m . 
I n a c e t o n i t r i l e s o l u t i o n t h e same t r e n d i s o b s e r v e d , a l t h o u g h 
t h e s h i f t s f o r t h e c h l o r o - a n d bromo- c o m p l e x e s a r e s h i f t e d 
t o s l i g h t l y l o w e r f i e l d , p e r h a p s due t o p a r t i a l s o l v o l y s i s : 
CH CN 
TeX^ _ ~- TeXc.CH..CN 6 o o 
T h a t t h i s does n o t o c c u r f o r t h e i o d o - compound i s p r o b a b l y 
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i n d i c a t i v e o f t h e g r e a t e r s t r e n g t h o f t h e t e l l u r i u m - i o d i n e 
b o n d . The o r d e r o f s h i f t s i n a c e t o n e , h o w e v e r , i s com-
p l e t e l y r e v e r s e d , w i t h t h e v a l u e s f o r t h e c h l o r o - a n d bromo-
c o m p l e x e s a g r e e i n g w e l l w i t h t h o s e r e p o r t e d b y G o o d f e l l o w . ^ 
An e x p l a n a t i o n f o r t h i s e f f e c t o f s o l v e n t on c h e m i c a l s h i f t 
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i s n o t a t a l l c l e a r c u t b u t has b e e n d i s c u s s e d e l s e w h e r e . 
The e x t r a l i n e i n t h e s p e c t r u m o f t h e h e x a c h l o r o - s p e c i e s i s 
r e a s o n a b l y c l o s e t o t h a t r e p o r t e d f o r t e l l u r i u m t e t r a c h l o r i d e 
i n a c e t o n e , a t 1138 ppm."*"^ T h i s s u g g e s t s t h e f o l l o w i n g 
e q u i l i b r i u m : 
T e C l 2 ~ * T e C l , + 2C1~ 6 4 
A l t h o u g h t h e p e n t a c h l o r o - s p e c i e s may w e l l be an i n t e r -
m e d i a t e i t can o n l y be p r e s e n t t r a n s i e n t l y s i n c e when d i s -
s o l v e d i n a c e t o n e t h i s c o m p l e x e x h i b i t e d o n l y one r e s o n a n c e 
a t 112 8 ppnr. - • • • -
I n a l l s o l v e n t s u n d e r s t u d y , t h e h e x a i o d o - c o m p l e x 
showed b r o a d e r l i n e s (Av x = 615 Hz) when compared t o t h o s e f o r 
t h e c h l o r o - a n d bromo- c o m p l e x e s (Avj = 150 H z ) . T h i s i s most 
p r o b a b l y due t o q u a d r o p o l e r e l a x a t i o n ( " 2 ? , I = 5 / 2 ) . 
2.4 M i x e d H e x a h a l o q e n o t e l l u r a t e s 
2.4.1 The C h l o r o b r o m o t e l l u r a t e s 
(a) Raman S p e c t r a 
These w e r e r e c o r d e d b o t h i n t h e s o l i d s t a t e 
and i n a c e t o n i t r i l e s o l u t i o n , as t h e i r t e t r a b u t y l a m m o n i u m 
s a l t s . P o l a r i z a t i o n s t u d i e s w e r e c a r r i e d o u t on t h e s o l u t i o n s , 
w h e r e p o s s i b l e , and t h e s e r e s u l t s l i e b e l o w t h o s e o b t a i n e d i n 
t h e s o l i d s t a t e . 
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TABLE 2.9 
Raman S p e c t r a o f t h e H e x a c h l o r o b r o m o t e l l u r a t e s 
SPECIES FREQUENCIES (cm 1 ) 
T e C l 5 B r 2 ( s ) 75vw 128m 151w 180s 243vs 277s 
( s o l n . ) 12 5vw 152w 178m 248s 279vs 
T e C l 4 B r 2 2 " ( s ) 78w 12 5w 158s 178s 244s 270s 
( s o l n . ) 154s 173m,p 250m 272m,p 
T e C l 3 B r 3 2 ~ ( s ) 154m 179m 248w 2 70w 
T e B r 4 C l 2 2 " ( s ) 80w 154s 172m 228w 2 50w 
( s o l n . ) 154s 17lm,p 258w,p 
T e B r 5 C l 2 _ ( s ) 81m 151s 172s 196w 222m 
( s o l n . ) 154s 171m 
On 2-
100 
l y a n i o n s o f g e n e r a l f o r m u l a TeX^Y,, have been p r e v i o u s l y 
9 9 100 
d i s c u s s e d , ' t h e i r s p e c t r a b e i n g r e c o r d e d f r o m s o l i d s a m p l e s 
o f t h e c a e s i u m and t e t r a e t h y l a m m o n i u m s a l t s . - A l t h o u g h t h e 
t e t r a b u t y l a m m o n i u m s a l t s u s e d i n t h i s w o r k e v e n t u a l l y decom-
p o s e d i n t h e l a s e r beam, as d i d t h e t e t r a e t h y l a m m o n i u m s a l t s 
u s e d a b o v e , r e a s o n a b l e s p e c t r a w e re o b t a i n e d , u s i n g l o w power 
a n d a d e f o c u s s e d beam. The r e s u l t s q u o t e d f o r ( E t 4 N ) 2 T e C l 4 B r 2 
w i t h bands a t 1 24s, 175w,- 252s and-282s a r e _ i n _ f a i r a g r e e m e n t 
w i t h t h e r e s u l t s p r e s e n t e d h e r e , a l t h o u g h t h e s t r o n g band a t 
158 c m - 1 was n o t o b s e r v e d i n t h e e a r l i e r w o r k . 
The bands a t 272 and 173 c m - 1 a r e p o l a r i z e d a nd a r e 
t h e r e f o r e i m m e d i a t e l y a s s i g n e d t o t o t a l l y s y m m e t r i c s t r e t c h i n g 
modes i n v o l v i n g t e l l u r i u m - c h l o r i n e a n d t e l l u r i u m - b r o m i n e bonds 
r e s p e c t i v e l y . These a s s i g n m e n t s a r e n o t i n a c c o r d w i t h t h o s e 
p r e s e n t e d e a r l i e r f o r t h e c a e s i u m s a l t , 1 0 0 w h e r e bands a t 276 
and 175 c m - 1 w e r e d e n o t e d as b 2 modes. The bands a t 250 a n d 
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154 cm a r e a g a i n most p r o b a b l y a s s o c i a t e d w i t h t e l l u r i u m -
c h l o r i n e a n d t e l l u r i u m - b r o m i n e s t r e t c h i n g v i b r a t i o n s w h i l e 
t h a t o b s e r v e d a t 125 cm ^ i n t h e s o l i d sample may w e l l be 
due t o a d e f o r m a t i o n mode. The f e a t u r e a t 78 cm-"*" i s 
a s s i g n e d t o a l a t t i c e v i b r a t i o n . 
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E a r l i e r w o r k on ( E t ^ N ) 2 T e B r ^ C l ^ c o u l d n o t be r e p e a t e d 
as t h e s a m p l e decomposed i n t h e l a s e r beam,"*"00 b u t r e s u l t s 
w e r e q u o t e d f o r t h e c a e s i u m s a l t ( i d e n t i c a l w i t h t h e e a r l y 
r e s u l t s f o r t h e Et^N - 1" s a l t ) and t h e r e i s good a g r e e m e n t 
b e t w e e n t h e s t r o n g bands and t h e f r e q u e n c i e s o b t a i n e d i n 
t h i s w o r k . The p o l a r i z e d bands a t 258 and 171 cm a r e 
a s s i g n e d t o s y m m e t r i c s t r e t c h i n g v i b r a t i o n s i n v o l v i n g t e l l u r i u m -
c h l o r i n e a n d t e l l u r i u m - b r o m i n e bonds r e s p e c t i v e l y . The weak 
f e a t u r e a t 228 cm , o b s e r v e d o n l y i n t h e s o l i d i s a s s i g n e d 
t o a t e l l u r i u m - c h l o r i n e s t r e t c h i n g f r e q u e n c y w h i l e t h a t a t 
154 cm - 1 i s assigned t o a t e l l u r i u m - b r o m i n e s t r e t c h i n g f r e q u e n c y . 
The b a n d a t 80 cm ^ i s most p r o b a b l y a l a t t i c e mode. A g a i n 
t h e r e i s some d i s c r e p a n c y b e t w e e n t h i s and e a r l i e r work,"*" 0 0 
where t h e h i g h f r e q u e n c y band was d e n o t e d as b 2 and t h a t a t 
Ibb an as a^.The s t e r e o c h e m i s t r y o f t h e above a n i o n s i s d i s -
c u s s e d i n t h e s e c t i o n ( d ) . 
The a s s i g n m e n t o f t h e bands i n t h e s p e c t r a o f a n i o n s o f 
2-
g e n e r a l f o r m u l a TeXj-Y , w h i c h a r e l i k e l y t o be o f C^ v s y m m e t r y , 
i s made by a n a l o g y w i t h t h a t g i v e n f o r t h e c o r r e s p o n d i n g a n t i m o n y 
108 2 — (V) s p e c i e s . F o r t h e T e C l ^ B r a n i o n , t h e f i v e h i g h e s t 
f r e q u e n c y bands can be d e s c r i b e d as t e l l u r i u m - c h l o r i n e s t r e t c h -
i n g v i b r a t i o n s , w h i l e t h a t a t 128 cm i s a s s i g n a b l e t o a 
t e l l u r i u m - b r o m i n e mode. S i m i l a r l y , t h e f o u r l o w f r e q u e n c y 
bands i n t h e s p e c t r u m o f t h e T e B r ^ C l a n i o n a r e a s s i g n e d t o 
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t e l l u r i u m - b r o m i n e s t r e t c h i n g modes and t h a t a t 222 cm t o 
a t e l l u r i u m - c h l o r i n e mode. 
2-I n d i v i d u a l modes i n t h e T e C l ^ B r ^ a n i o n a r e n o t i d e n t -
i f i e d s i n c e m i x i n g o f T e - C l and Te-Br modes make t h i s u n -
r e a l i s t i c , as f o r t h e c o r r e s p o n d i n g s p e c i e s o f a n t i m o n y ( V ) , 
F i n a l l y , t h e s o l u t i o n s p e c t r a s u g g e s t t h a t t h e a n i o n s 
r e m a i n u n d i s s o c i a t e d . 
(b) F a r - I n f r a r e d S p e c t r a 
These w e r e a l s o o b t a i n e d f r o m t h e t e t r a -
b u t y l a m m o n i u m s a l t s b u t o n l y i n t h e s o l i d s t a t e . 
TABLE 2.10 
F a r - I n f r a r e d S p e c t r a o f t h e H e x a c h l o r o b r o m o t e l l u r a t e s 
r e C l 5 B r 
SPECIES 
2-
T e C l 4 B r 2 
| r e C l 3 B r 3 2-
T e B r 4 C l 2 ' 
T e B r 5 C l 2-
FREQUENCIES (cm 1 ) 
9 0 s h 175s 227s 268m 
179vs 225vs 258sh 
185vs 221vs 259sh 
122w 181vs 234vs 
118m 179vs 218sh 236s 
T h e r e i s goo d a g r e e m e n t b e t w e e n t h e above r e s u l t s a nd t h e 
l i t e r a t u r e v a l u e s f o r t h e a n i o n s o f g e n e r a l f o r m u l a 
T e X 4 Y 2 2- However, t h e b r o a d n a t u r e o f t h e bands makes 
a s s i g n m e n t and c o m p a r i s o n w i t h Raman s p e c t r a v e r y d i f f i c u l t , 
a l t h o u g h t h e bands b e l o w 220 cm ^ a r e p r o b a b l y due t o t e l l u r i u m -
b r o m i n e s t r e t c h i n g modes, w h e r e a s t h o s e above p r o b a b l y a r i s e 
f r o m t e l l u r i u m - c h l o r i n e modes. i 
The number o f t e l l u r i u m h a l o g e n s t r e t c h i n g modes can 
p r o v i d e some a s s i s t a n c e i n a s s i g n m e n t . 
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TABLE 2.11 
V i b r a t i o n a l S p e c t r o s c o p i c C o i n c i d e n c e s f o r S p e c i e s o f 
C„ and D 0, Symmetry 
MODE SYMMETRY INFRARED RAMAN COINCIDENCES 
v T e C l C 2 v 4 4 4 
vTeBr C 2 v 2 2 2 
vT e C l D 4 h 1 2 0 
vTeBr D 4 h 1 1 0 
C o n s i d e r a t i o n o f t h e above t a b l e w o u l d i n d i c a t e t h a t t h e s p e c i e s 
i n q u e s t i o n a d o p t t h e c i s (C^v^ a r r a n g e m e n t i n a g r e e m e n t w i t h 
e a r l i e r work"*"0*"* a l t h o u g h a d i f f e r e n t r a t i o n a l e i s p r e f e r r e d 
h e r e ( S e c t i o n ( d ) ) . 
A l t h o u g h f o r s p e c i e s o f C^ v s y m m e t r y t h e e i g h t p o s s i b l e 
i n f r a r e d bands s h o u l d a l s o a p p e a r i n t h e Raman, d e f i n i t e c o n -
c l u s i o n s w e r e a g a i n made d i f f i c u l t by t h e w i d t h o f t h e i n f r a -
2-
r e d a b s o r p t i o n s i n t h e s p e c t r a o f t h e TeX^Y a n i o n s . 
i 
A g a i n , v i b r a t i o n a l m i x i n g p r e c l u d e s d e f i n i t e a s s i g n m e n t 
2-
o f bands t o p a r t i c u l a r s t r e t c h i n g modes f o r t h e T e C l ^ B r ^ i o n . 
H o w e v e r , — f o r t h e mer i s o m e r (C^v^ s ^ x t e l l u r i u m - h a l o g e n s t r e t c h -
i n g modes, o b s e r v e d i n b o t h t h e i n f r a r e d a nd Raman s p e c t r a , 
a r e e x p e c t e d , w h e r e a s f o r t h e f a c i s o m e r ( C 3 V ) ' o n l y f o u r s u c h 
modes a r e a l l o w e d . S i n c e o n l y f o u r Raman bands and t h r e e 
i n f r a r e d bands a r e o b s e r v e d h e r e , t h e f a c i s o m e r seems p r e -
f e r a b l e . U n f o r t u n a t e l y , s i n c e f a i l u r e t o o b s e r v e v e r y weak 
bands o r a c c i d e n t a l d e g e n e r a c y m u s t a l s o be t a k e n i n t o a c c o u n t 
when t o o f e w bands a r e o b s e r v e d , d e f i n i t e a s s i g n m e n t c a n n o t 
be made. 
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C o n s i d e r a t i o n o f t h e v a r i o u s f r e q u e n c i e s o b s e r v e d w o u l d 
s u g g e s t t h a t t h e s p e c i e s d e s c r i b e d i n t h i s s e c t i o n a r e u n i q u e 
and a r e n o t m i x t u r e s o f t h e h e x a c h l o r o - and h e x a b r o m o t e l l u r a t e 
a n i o n s . 
(c) T e l l u r i u m -125 N.M.R. S p e c t r a 
11 f. 
V l a d i m i r o f f a n d M a l i n o w s k i h a v e p r o v i d e d 
t h e o r e t i c a l j u s t i f i c a t i o n f o r t h e i n t e r p r e t a t i o n o f c h e m i c a l 
s h i f t s i n t e r m s o f i n t e r a c t i o n s b e t w e e n a d j a c e n t l i g a n d s , 
a t t a c h e d t o a c e n t r a l atom, w h i c h a c t a l o n g t h e edges o f 
t h e c o o r d i n a t i o n p o l y h e d r o n . The t h e o r y has been s u c c e s s f u l l y 
a p p l i e d t o t e t r a h e d r a l s p e c i e s o f c a r b o n - 1 3 , a l u m i n i u m -
„„ 113 , ,, 1 14 1 1 T , . ,, , , , , 1 1 & 27, b o r o n - 1 1 , ^ germanium-73, c a d m i u m - I l l and -113, 
m e r c u r y - 1 9 9 , ^ ^ g a l l i u m - 7 1 ^ " ^ a n d i n d i u m - 1 1 5 , ^ as w e l l as t o 
, T 1 , . . , . n-. 116,117 . . -,, 1 0 2 , 1 2 0 
o c t a h e d r a l c o m p l e x e s o f n i o b i u m - 9 3 , p h o s p h o r u s - 3 1 , 
antimony-121"'" 0^ and t i n - 1 1 9 . 1 0 " ^ The b o r o n - 1 1 and f l u o r i n e - 1 9 
c h e m i c a l s h i f t s o f some b o r o n t r i h a l i d e a d d u c t s w e r e a l s o 
f o u n d t o f o l l o w t h i s r e l a t i o n s h i p . 
The r e s u l t s o f t h e a p p l i c a t i o n o f t h e t h e o r y 
t o t h e c o m p l e x e s u n d e r d i s c u s s i o n , t o g e t h e r w i t h t h e o b s e r v e d 
c h e m i c a l s h i f t s a r e t a b u l a t e d b e l o w i n T a b l e 2.12. 
The C l - C l and B r - B r p a r a m e t e r s w e r e c a l c u l -
a t e d f r o m t h e h e x a h a l o g e n o - s h i f t s and w e r e f o u n d t o be 112.8 
and 110.9 ppm. r e s p e c t i v e l y . The C l - B r p a r a m e t e r can be 
2-
c a l c u l a t e d f r o m e i t h e r t h e T e B r ^ C l o r t h e T e C l ^ B r c h e m i c a l 
s h i f t b u t u n f o r t u n a t e l y t h e s e t w o s p e c i e s g i v e d i f f e r e n t r e s u l t s 
115.9 and 107.7 ppm. r e s p e c t i v e l y . 
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TABLE 2.12 
T e l l u r i u m - 1 2 5 N.M.R. S p e c t r a o f t h e H e x a c h l o r o b r o m o t e l l u r a t e s 
SPECIES INTERACTION COEFFICIENTS CHEMICAL SHIFT (ppm) 
C l - C l C l - B r B r - B r C a l c . Obs. 
T e C l 5 B r 2 _ 8 4 0 1366 1333 1333 
T e C l / 1 B r 0 2 _ C i s 5 6 1 1370 1321 1 3 4 2 ( 4 ) 
1366 (1) 
T r a n s 4 8 0 1378 1313 
2-
TeCl-.Br-, Fac 2 8 2 1366 1309 1367 
Mer 3 6 3 1374 1317 
2- 1305 T e B r . C l ^ C i s 1 6 5 1362 
4 Z 1390 
T r a n s 0 8 4 1370 1313 
r e B r 5 C l 2 ~ 0 4 8 1350 1317 1350 
As s e e n i n t h e t a b l e a b ove n e i t h e r v a l u e l e a d s t o m e a n i n g f u l 
p r e d i c t i o n s o f t h e c h e m i c a l s h i f t s a nd a p o s s i b l e r e a s o n f o r 
t h i s i s t h a t t h e s h i e l d i n g o f t h e t e l l u r i u m n u c l e u s i s d o m i n -
a t e d b y t h e l o n e p a i r o f e l e c t r o n s w h i c h e x h i b i t s some p c h a r -
a c t e r . T h i s i s d i s c u s s e d f u r t h e r i n t h e c o n c l u s i o n . 
(d) S t e r e o c h e m i s t r y -
A l t h o u g h t h e p r e v i o u s d i s c u s s i o n has i n d i c a t e d 
2-
t h a t t h e i o n s o f g e n e r a l f o r m u l a TeX^Y 2 ' v e r y p r o b a b l y a d o p t 
2_ 
t h e c i s c o n f i g u r a t i o n , a s s i g n m e n t o f t h e T e C l ^ B r ^ s p e c i e s 
was l e s s c e r t a i n , on t h e b a s i s o f t h e v i b r a t i o n a l r e s u l t s . 
I n a d d i t i o n , t h e n.m.r. d a t a was o f no u s e s i n c e t h e p a i r w i s e 
i n t e r a c t i o n t h e o r y c o u l d n o t be a p p l i e d w i t h any s u c c e s s . 
I n t h i s s e c t i o n a m o d e l w h i c h p r e d i c t s - t h a t 
t h e c i s c o n f i g u r a t i o n s h o u l d be a d o p t e d b y a l l s p e c i e s o f 
g e n e r a l f o r m u l a MX^Y^ ( w h e r e X and Y a r e m o n o a t o m i c ) a n d t h a t 
t h e f a c c o n f i g u r a t i o n s h o u l d be a d o p t e d by s p e c i e s o f g e n e r a l 
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f o r m u l a MX 3Y 3 i s p r e s e n t e d . 
P r e v i o u s l y t h e c i s a r r a n g e m e n t o f h a l o g e n o - c o m p l e x e s 
2_ 
o f t i n ( I V ) and t i t a n i u m ( I V ) o f g e n e r a l f o r m u l a MX^Y^ was : 
e x p l a i n e d by p o s t u l a t i n g t h e i r - d o n o r a b i l i t y o f t h e h a l o g e n s 
t o t h e t 2 o r b i t a l s o f t h e m e t a l t o be t h e m a j o r f a c t o r i n 
d e t e r m i n i n g t h e g e o m e t r y . I n a t r a n s c o m p l e x t h e h a l o g e n s 
w o u l d be c o m p e t i n g f o r t h e same t 2 o r b i t a l w h e r e a s i n a c i s 
109 
c o m p l e x t h e y c o u l d i r - d o n a t e i n t o d i f f e r e n t o r b i t a l s . W h i l e 
p l a u s i b l e f o r t i t a n i u m , t h e mechanism i s u n l i k e l y f o r c o m p l e x e s 
o f t i n a n d t e l l u r i u m s i n c e t h e m e t a l o r b i t a l s i n v o l v e d a r e 
o f much h i g h e r e n e r g y . I n s t e a d , t h e a p p r o a c h o f Z a h r o b s k y i s 
i n v o k e d here.''""'"0 T h i s i s a s t e r e o c h e m i c a l m o d e l b a s e d on 
i n t r a m o l e c u l a r n o n b o n d e d i n t e r a c t i o n s o f atoms bonded t o a 
c e n t r a l atom. T h r e e b a s i c a s s u m p t i o n s a r e made: 
1 . The s t r o n g e s t n o n - b o n d e d i n t e r a c t i o n s o c c u r i n a r e g i o n 
a r o u n d a c e n t r a l a t o m t h a t may be r e p r e s e n t e d by a s p h e r e 
w h i c h has a r a d i u s a p p r o x i m a t e l y e q u a l t o t h e a v e r a g e 
d o n o r atom - c e n t r a l a t o m bond l e n g t h and a c e n t r e t h a t 
i s c o i n c i d e n t w i t h t h e c e n t r a l a t o m . 
2. The g e o m e t r y o f t h e m o l e c u l e may be d e t e r m i n e d by 
b a l a n c i n g t h e f o r c e s a c t i n g a b o u t t h i s s p h e r e , and t h a t 
t h e v an d e r Waals s u r f a c e s o f l i g a n d atoms r e p r e s e n t 
e q u i p o t e n t i a l s u r f a c e s . 
3. Nonbonded i n t e r a c t i o n s may be m i n i m i s e d b y a r r a n g i n g 
t h e d o n o r atoms a r o u n d t h e c e n t r a l a t o m s u c h t h a t t h e 
d i s t a n c e s ( o r o v e r l a p ) b e t w e e n t h e v a n d e r Waals s u r -
f a c e s o f a d j a c e n t d o n o r atoms a r e e q u a l i z e d . 
The m o d e l a p p r o x i m a t e s t h i s c o n d i t i o n b y a s s i g n i n g t o e a c h 
d o n o r a t o m a s o l i d a n g l e , t h e s i z e o f w h i c h i s a f u n c t i o n o f 
t h e d o n o r a t om - c e n t r a l a t o m b o n d d i s t a n c e and t h e v a n d e r 
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Waals r a d i u s o f t h e d o n o r atom. These s o l i d a n g l e s a r e 
t h e n d i s t r i b u t e d a r o u n d t h e c e n t r a l a t o m so t h a t t h e d i s t a n c e s 
b e t w e e n a d j a c e n t c o n i c s u r f a c e s a r e e q u a l . The s o l i d a n g l e 
r e p r e s e n t i n g a d o n o r atom may be g e n e r a t e d by c o n s i d e r i n g t h e 
s e t o f l i n e s f r o m a c e n t r a l atom, A, t h a t a r e t a n g e n t i a l t o 
t h e v a n d e r Waals s u r f a c e o f a bonded l i g a n d atom, B, as 
shown i n F i g u r e 2.2, w h e r e AB i s t h e sum o f t h e c o v a l e n t r a d i i 
a n d BC i s t h e v a n d e r Waals r a d i u s o f t h e d o n o r atom. 
Then, t h e p r i n c i p a l r e g i o n o f s t e r i c i n f l u e n c e o f a bonded 
l i g a n d a t o m may be c o n s i d e r e d t o l i e w i t h i n a " s t e r i c a n g l e " , 
9, d e f i n e d by 9 = 2 a r c s i n (BC/AB). 
A l t h o u g h t h r e e - d i m e n s i o n a l d i s t r i b u t i o n o f d i f f e r e n t - s i z e d 
c o nes w i t h a p i c e s a t a common p o i n t does n o t h a v e an e x a c t 
m a t h e m a t i c a l s o l u t i o n , a p p r o x i m a t e s o l u t i o n s f o r o c t a h e d r a l 
c o m p l e x e s may be r e a d i l y o b t a i n e d by s e p a r a t i n g t h e t h r e e d i -
m e n s i o n a l p r o b l e m i n t o t h r e e t w o - d i m e n s i o n a l a n a l y s e s , r e -
p r e s e n t e d by t h r e e m u t u a l l y p e r p e n d i c u l a r p l a n e s , each o f w h i c h 
c u t s t h r o u g h t h e c e n t r a l a t o m and f o u r d o n o r a t o m s . Where 
more t h a n one i s o m e r i s p o s s i b l e , t h e s t r u c t u r e w h i c h p o s s e s s e s 
t h e g r e a t e s t sum o f s t e r i c a n g l e s i n a p a r t i c u l a r p l a n e may be 
assumed t o have t h e g r e a t e s t n o n b o n d e d r e p u l s i v e i n t e r a c t i o n s , 
and w i l l n o t be t h e i s o m e r w h i c h i s p r e d i c t e d . 
A p p l i c a t i o n o f t h i s m o d e l t o c h l o r o b r o m o - c o m p l e x e s o f 
t e l l u r i u m ( I V ) o f g e n e r a l f o r m u l a T e X 4 Y 2 2 ~ l e a d s t o t h e f o l l o w i n g 
sums f o r t h e s t e r i c a n g l e s w h i c h l i e i n t h e t h r e e m u t u a l l y 
p e r p e n d i c u l a r p l a n e s t h a t d e s c r i b e t h e o c t a h e d r a l g e o m e t r y : 
e B 
F i g u r e 2.2 
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c i s 405°, 402.5°, 402.5° 
t r a n s 405°, 405°, 400° 
c i s . 407.5°, 407.5°, 405° 
t r a n s 410°, 405°, 405° 
F o r T e C l ^ B ^ * ' , t h e t r a n s i s o m e r c o n t a i n s t w o p l a n e s w i t h 
a n g l e s o f 405° w h e r e a s t h e c i s i s o m e r p o s s e s s e s o n l y one. I n 
2-
t h e T e B r ^ C l ^ s p e c i e s , t h e t r a n s i s o m e r c o n t a i n s a p l a n e w i t h 
an a n g l e o f 410°, w h i c h i s g r e a t e r t h a n a l l o t h e r s . T h e r e f o r e , 
i n b o t h c a s e s t h e c i s i s o m e r i s p r e f e r r e d . 
2-
S i m i l a r a r g u m e n t s a p p l i e d t o t h e T e C l ^ B r ^ a n i o n l e a d 
t o t h e f o l l o w i n g a n g l e s : 
( i ) mer : 407.5°, 405°, 402.5° 
( i i ) f a c : 405°, 405°, 405 
T h e r e f o r e , t h e f a c i s o m e r i s p r e f e r r e d . 
I t s h o u l d be n o t e d t h a t t h e r e l a t i o n s h i p b e t w e e n c o n -
f i g u r a t i o n and s t e r i c a n g l e i s n o t l i n e a r ; o n l y t h e g r e a t e s t -
a n g l e i s s i g n i f i c a n t . 
2.4.2 The C h l o r o i o d o t e l l u r a t e s 
(a) Raman S p e c t r a 
Raman s p e c t r a h a ve n o t p r e v i o u s l y been 
r e p o r t e d f o r any o f t h e s e s y s t e m s b u t i n t h i s w o r k s p e c t r a 
w e r e o b t a i n e d , f r o m s o l i d s a m p l e s o f t h e t e t r a b u t y l a m m o n i u m 
s a l t s , u s i n g a h e l i u m - n e o n l a s e r . 
The a s s i g n m e n t o f t h e s p e c t r a l i s t e d i n 
T a b l e 2.13 i s c o m p l i c a t e d by t h e i r e x t r e m e s i m i l a r i t y . The 
bands above 240 cm""'' may be a t t r i b u t e d w i t h some c o n f i d e n c e 
t o v i b r a t i o n a l modes i n v o l v i n g t e l l u r i u m - c h l o r i n e bonds w h e r e a s 
( i ) T e C l 4 B r 2 2 
( i i ) T e B r 4 C l 2 2 " 
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TABLE 2.13 
Raman S p e c t r a o f t h e H e x a c h l o r o i o d o - Systems 
SYSTEM FREQUENCIES (cm 1 ) 
* 2-T e C l 5 I 53w 112vs 152w 171vw 228m 2 45w 2 78vw 
T e C l 4 I 2 2 " 6 5vw 112vs 157w 223m 248sh 
* o T e C l 3 I 3 l l l v s 1 5 0sh 171w 225m 2 4 5 s h : 
T e I 4 C l 2 2 - 61w 108vs 142sh 222m 2 50w 
* 0 _ 
T e I 5 C l 60w I 0 8 v s 225m 245sh 
* 
f o u n d t o be m i x t u r e s . 
t h e r e m a i n i n g f r e q u e n c i e s b e a r a c l e a r r e s e m b l a n c e t o t h o s e 
o b t a i n e d f o r t h e h e x a i o d o - s p e c i e s ( S e c t i o n 2 . 3 . 1 ) . Conseq-
u e n t l y , X - r a y powder p h o t o g r a p h s o f t h e h e x a i o d o - , h e x a c h l o r o -
and a l l i n t e r m e d i a t e s p e c i e s w e r e r e c o r d e d , and t h e s e p r o v e d 
c o n c l u s i v e l y t h a t m i x t u r e s o f h e x a c h l o r o - a n d h e x a i o d o t e l l u r a t e s 
w e r e n o t p r e s e n t ( s e e A p p e n d i x , T a b l e 1 , f o r v a l u e s o f 4 0 ) . 
2- 2- 2-However, t h e p h o t o g r a p h s o f t h e T e C l ^ I , T e C l ^ I ^ a nd T e l ^ C l 
s y s t e m s d i d a l l i n d i c a t e more t h a n one s p e c i e s t o be p r e s e n t . 
2-
T h e _ T e C l g I s y s t e m was shown t o c o n s i s t o f a m i x t u r e o f t h e 
2- 2- 2-T e C l ^ and T e C l 4 I 2 a n i o n s , and t h e p h o t o g r a p h o f t h e T e C l ^ I ^ 
2_ 
s y s t e m e x h i b i t e d l i n e s due t o t h e T e C l 4 I 2 s p e c i e s so t h a t 
2-
p r e s u m a b l y a m i x t u r e o f t h i s and t h e T e I 4 C l 2 i o n was p r e s e n t . 
2-
S i m i l a r l y t h e T e l ^ C l s y s t e m was f o u n d t o c o n s i s t o f t h e 
2- 2-T e I 4 C l 2 and p r e s u m a b l y t h e T e l ^ s p e c i e s . The Raman s p e c t r a 
can now be i n t e r p r e t e d i n a c c o r d a n c e w i t h t h e s e r e s u l t s . 
The d a t a r e p o r t e d ^ above s u g g e s t t h a t o n l y a n i o n s o f 
2-
g e n e r a l f o r m u l a T e X 4 Y 2 a r e u n i q u e s p e c i e s and t h e i r c o n f i g -
u r a t i o n i s d i s c u s s e d i n t h e n e x t s e c t i o n . 
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(b) F a r - I n f r a r e d S p e c t r a 
These w e r e a l s o r e c o r d e d f r o m t h e t e t r a b u t y l -
ammonium s a l t s i n t h e s o l i d s t a t e . 
TABLE 2 . 1 4 
F a r - I n f r a r e d S p e c t r a o f t h e H e x a c h l o r o i o d o - Systems 
SYSTEM FREQUENCIES 1 " I N (cm ) 
* 2 T e C l 5 I 155m 174m 218sh 233vs 245sh 271sh 
T e C l 4 I 2 2 - 121m 15 3 s h 172m 221vs 232sh 268sh 
* T e C l 3 I 3 2 - 1 3 7 s h 154m 170m 220vs 
T e I 4 C l 2 2 - 117w 133w 160s 2 21vs 
* 2-T e I 5 C l 115w 134m 216m 
* 
f o u n d t o be m i x t u r e s 
Of t h e above s p e c t r a , o n l y t h a t o f T e C l 4 I 2 ~ has been 
p r e v i o u s l y r e p o r t e d " 1 " 0 0 and was s t a t e d t o e x h i b i t s t r o n g bands 
a t 155, 170, 220 and 240 cm "*" f o r t h e t e t r a b u t y l a m m o n i u m s a l t , 
i n g o o d a g r e e m e n t w i t h t h o s e p r e s e n t e d h e r e . The bands a t 
153 and 172 cm "*" a r e t h u s a s s i g n e d t o t e l l u r i u m - i o d i n e 
s t r e t c h i n g modes, w h i l e t h e r e m a i n i n g a r e a s s i g n e d t o t e l l u r i u m -
2-
c h l o r i n e modes. I n t h e c a s e o f t h e T e l ^ C l , , a n i o n , t h e 
t h r e e l o w f r e q u e n c y bands a r e a s s i g n e d t o t e l l u r i u m i o d i n e 
s t r e t c h i n g v i b r a t i o n s , w h i l e t h a t a t 221 cm-"'" i s p r o b a b l y due 
t o a t e l l u r i u m - c h l o r i n e s t r e t c h i n g mode. 
F o r e a c h o f t h e s p e c i e s d i s c u s s e d above, t h e number o f 
bands o b s e r v e d i n b o t h i n f r a r e d and Raman s p e c t r a s u g g e s t s t h a t 
t h e c i s c o n f i g u r a t i o n i s a d o p t e d ( S e c t i o n 2.4.1 ( d ) ) . 
The r e m a i n i n g s p e c t r a c an be i n t e r p r e t e d as m i x t u r e s , as 
d i s c u s s e d i n t h e s e c t i o n on t h e Raman s p e c t r a ( S e c t i o n 2 . 4 . 2 ( a ) ) . 
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(c) T e l l u r i u m - 1 2 5 N.M.R. Spe c t r a 
These a r e shown i n Table 2.15 f o r t h e t e t r a b u t y l -
ammonium s a l t s i n d i c h l o r o m e t h a n e s o l u t i o n . Approximate 
r e l a t i v e i n t e n s i t i e s a r e g i v e n i n pa r e n t h e s e s . 
TABLE 2.15 
T e l l u r i u m - 1 2 5 N.M.R. Spe c t r a o f t h e H e x a c h l o r o i o d o - Systems 
SYSTEM CHEMICAL SHIFT (ppm.) 
r e c i 5 i 2 ~ 1446 (1) 
1334 (5) 
r e c i 4 i 2 2 - 1331 
T e C l 3 I 3 2 ~ 1447 (3) 
1336 (2) 
The s i g n a l near 1330 ppm. i s i m m e d i a t e l y a s s i g n e d 
2-
t o t h e T e C i ^ I ^ a n i o n , and i t s appearance i n t h e s p e c t r a o f 
2- 2-th e T e C l ^ I and T e C l ^ I ^ systems i s i n agreement w i t h t h e 
X-ray r e s u l t s . The o r i g i n o f t h e s i g n a l a t 1446 ppm. i s l e s s 
c e r t a i n b u t i t l i e s i n t h e r e g i o n between t h e s i g n a l s o b t a i n e d 
f r o m s i x - c o o r d i n a t e s p e c i e s and th o s e o b t a i n e d from f i v e -
c o o r d i n a t e -species and s o - c o u i d be due-to an-exchange-resonance 
2-
( t h e exchange s i g n a l s f o r a 1:1 m i x t u r e o f TeClj. and TeCl^ 
o c c u r r e d a t 1427 ppm.). However, t h e appearance o f an exchange 
resonance a t p r e c i s e l y t h e same p o s i t i o n i n two d i f f e r e n t systems 
i s h i g h l y u n l i k e l y and so t h e presence o f a c h l o r o i o d o - s p e c i e s 
of unknown c o m p o s i t i o n i s p r e f e r r e d h e r e . The s i g n a l i s a l s o 
observed i n t h e T e C l ^ I - and T e l ^ C l - systems and t h i s i s d i s -
cussed i n S e c t i o n 4.4. 
2-
S i g n a l s c o u l d n o t be observed f o r t h e T e l ^ C ^ 
2_ 
and T e l r C l systems, presumably due t o t h e i r extreme w i d t h . 
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2.4.3 The B r o m o i o d o t e l l u r a t e s 
(a) Raman S p e c t r a 
Raman s p e c t r a are r e p o r t e d f o r these systems 
f o r t h e f i r s t t i m e . The s o l i d phase s p e c t r a f o r t h e t e t r a -
butylammonium s a l t s a re g i v e n i n Table 2.16. 
TABLE 2.16 
Raman S p e c t r a of t h e Hexabromoiodo- Systems 
SYSTEM FREQUENCIES (cm ) 
* 2-T e B r 5 I 61w 78w 112m 132s 152w 169m 
T e B r 4 I 2 2 _ 66w 77w 113s 132m 169m 
* 2-T e B r 3 I 3 . 61w HOvs 159m 174m 
T e I 4 B r 2 2 - 3 2w 63w 112s 132sh 223w 
fou n d t o be m i x t u r e s 
2-
The spectrum o f t h e T e l ^ B r system i s n o t r e p o r t e d s i n c e 
s a t i s f a c t o r y analyses c o u l d n o t be o b t a i n e d (Table 2.25). 
Again, t h e s p e c t r a appear v e r y s i m i l a r and t h e 
presence o f m i x t u r e s was v e r i f i e d by X-ray powder photography 
2" 
(see Appendix, Table 2, f o r v a l u e s o f 4 8 ) . Thus, Te B r ^ I 
2- 2-was fo u n d t o c o n t a i n t h e T e B r ^ ] ^ , and presumably t h e TeBr^ 
2- 2- 2-s p e c i e s , and T e B r ^ I ^ t o c o n t a i n t h e Tel^Br,, and TeBr^I,, 
i o n s 
- 1 The bands above 150 cm a r e assi g n e d t o 
t e l l u r i u m - b r o m i n e s t r e t c h i n g v i b r a t i o n s w h i l e those below a r e 
as s i g n e d t o t e l l u r i u m - i o d i n e modes. The weak f e a t u r e a t 223 cm 
2-
observed i n t h e spectrum o f t h e T e l ^ B ^ a n i o n has been d i s -
cussed i n S e c t i o n 2.3.1. 
- 1 
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The c o n f i g u r a t i o n o f these s p e c i e s i s d i s -
cussed i n t h e n e x t s e c t i o n . 
(b) F a r - I n f r a r e d S p e c t r a 
These a r e r e p o r t e d f o r t h e tet r a b u t y l a m m o n i u m 
s a l t s i n t h e s o l i d s t a t e i n Table 2.17. 
TABLE 2.17 
F a r - I n f r a r e d S p e c t r a o f t h e Hexabromoiodo- Systems 
SYSTEM FREQUENCIES (cm 1 ) 
1 2 2-1 , ^ T e B r 5 I z 
2 2-^ T e B r 4 I 2 
1 2 2-1 ' 2 T e B r 3 I 3 2 
T e I 4 B r 2 2 -
151sh 175vs 
157s 168s 183s 
156m 168sh 172vs 185sh 
117w 135m 156vs 166vs 178sh 
(1) f o u n d t o be m i x t u r e s 
(2) r e c o r d e d a t 77K 
The spectrum o f t h e caesium s a l t o f t h e 
TeBr^I,^ 2 a n i o n has been r e p o r t e d p r e v i o u s l y , " ' ' 0 0 w i t h bands a t 
90w, 163m and 196s cm - 1. The spectrum o f [ P h 3 P C H 3 ] [ T e I 4 B r 2 ] 
Jhas a l s o been r e p o r t e d and-bands were-observed a t 141s and-
194sh cm "*". From t h i s d a t a t h e s t r u c t u r e was assigned t o t h e 
.. . . 101 t r a n s c o n f i g u r a t i o n . 
A l t h o u g h room t e m p e r a t u r e s p e c t r a o f t h e 
2- 2- 2-TeB r ^ I , T e B r 4 I 2 and T e B r 3 I 3 systems d i s p l a y e d o n l y s i n g l e , 
b r o a d bands around 174 cm-"'", s p l i t t i n g was observed i n s p e c t r a 
r e c o r d e d a t 77K and these r e s u l t s a r e g i v e n i n Table 2.17. The 
n a t u r e o f t h e s p e c t r a a t room t e m p e r a t u r e suggests t h a t t h e 
bands are v i b r a t i o n a l l y c o u p l e d and so assignment t o p a r t i c u l a r 
modes cannot be made w i t h any degree o f c e r t a i n t y . However, 
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t h e f r e q u e n c i e s observed below 175 cm most p r o b a b l y i n v o l v e 
t e l l u r i u m - i o d i n e modes, w h i l e those above a r e ass i g n e d as p r e -
d o m i n a n t l y t e l l u r i u m - b r o m i n e modes. 
2-
Assignment o f c o n f i g u r a t i o n f o r t h e TeX^Y£ 
i s more d i f f i c u l t b u t t h e number o f bands observed b o t h i n 
t h i s and p r e v i o u s work, '''^  tends t o suggest t h a t t h e c i s 
s t r u c t u r e i s adopted. 
(c) T e l l u r i u m - 1 2 5 N.M.R. Spe c t r a 
These a r e r e p o r t e d f o r t h e tet r a b u t y l a m m o n i u m 
s a l t s i n d i c h l o r o m e t h a n e s o l u t i o n i n Table 2.18. 
TABLE 2.18 
T e l l u r i u m - 1 2 5 N.M.R. Sp e c t r a o f t h e Hexabromoiodo- Systems 
SYSTEM CHEMICAL SHIFT (ppm) 
2-T e B r 5 I 1353 
2-T e B r 4 I 2 ^ 1300 
2-T e B r 3 I 3 * 1300 
The broad s i g n a l s a t 1300 ppm are i m m e d i a t e l y 
2_ _ 
assi g n e d t o t h e TeBr'^lVj " s p e c i e s . The s i g n a l a t 1353 ppm i s 
2-
somewhat narro w e r , and, s i n c e T e B r r I i s known t o c o n t a i n 
2-
T e B r ^ ^ i n t h e s o l i d s t a t e , p o s s i b l y a r i s e s f r o m exchange 
between t h e l a t t e r s p e c i e s and a f i v e - c o o r d i n a t e m o i e t y , r e s o n -
a t i n g a t lower f i e l d (Chapter F o u r ) . 
2.4.4 The Mixed F l u o r o t e l l u r a t e s 
The a t t e m p t e d p r e p a r a t i o n o f sodium (18-crown-6) 
e t h e r p e n t a c h l o r o f l u o r o t e l l u r a t e f a i l e d due t o t h e i n s o l u b i l i t y 
of sodium c h l o r i d e ( S e c t i o n 2.6) and so no f u r t h e r r e a c t i o n s 
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o f p e n t a h a l o g e n o t e l l u r a t e w i t h f l u o r i d e i o n were c a r r i e d o u t . 
The extreme u n r e a c t i v i t y o f t h e p e n t a f l u o r o t e l l u r a t e s p e c i e s 
(Chapter Three) p r e v e n t e d t h e p r e p a r a t i o n o f anions o f g e n e r a l 
2-
f o r m u l a TeF rX (X = C I , B r , I ) and s i n c e t e l l u r i u m d i f l u o r i d e -> 122 2-i s unknown, t h e sp e c i e s TeF^X^ c o u l d n o t be s y n t h e s i s e d . 
An exchange method f o r t h e l a t t e r i o n was a l s o p r o h i b i t e d s i n c e 
t h e h e x a f l u o r o t e l l u r a t e a n i o n has n o t been p r e p a r e d (Chapter 
2-
T h r e e ) . As a r e s u l t , o n l y s p e c i e s o f g e n e r a l f o r m u l a TeF^X^ 
2-
and TeX^F^ a r e d i s c u s s e d f u r t h e r and, o f th e s e , o n l y t h e 
bromo- and i o d o - complexes c o u l d be i s o l a t e d as s o l i d s . 
(a) V i b r a t i o n a l S p e c t r a 
TABLE 2.19 Vibrational Spectra of Seme Mixed Fluorotellurate Systems 
SYSTEM SPECTRUM FREQUENCIES (cm 1 ) 
TeBr 4F 2 2 _ IR 150w 163sh 170s 182m 583vw 
R 30w 61vw 83m 149vs 167s 178m 19 3w 
2-Tel F i e x 4 2 IR 132m 138s 145m 
R 62m 107vs 213m 
2-
TeF 4Br 2 IR 182s 275s 331s 482s 495s 65Cm 
R 61w 85m 152s 172m 
TeF. 4I 2 2- .... IR - 118s-- -129sh- 170w 221w 275w 331s 482s -
495s 65Cm 
R 32w 62vw 112vs 226w 
V i b r a t i o n a l d ata has p r e v i o u s l y been r e p o r t e d 
f o r C s 2 T e B r 4 F 2 and t h e r e i s moderate agreement w i t h t h e 
dat a r e p o r t e d h e r e . A l l o f t h e above bands f o r sp e c i e s o f 
2-
g e n e r a l f o r m u l a TeX 4F 2 can be a s s i g n e d t o Te-X modes. 
The v e r y weak band a t 583cm 1 observed i n t h e normal 
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i n f r a r e d spectrum o f t h e TeBr^F^ a n i o n i s a s s i g n e d t o a 
t e l l u r i u m - f l u o r i n e s t r e t c h i n g v i b r a t i o n . 
The above r e s u l t s a re c o n s i s t e n t w i t h a c i s 
s t r u c t u r e f o r t h e anions ( S e c t i o n 2 . 4 . 1 ( d ) ) . 
The f a r - i n f r a r e d s p e c t r a o f t h e speci e s o f 
2-
g e n e r a l f o r m u l a TeF^Y^ were found t o be dominated by two 
s t r o n g bands a t 275 and 331 cm . These r e s u l t s i n d i a t e t h e 
presence o f t h e p e n t a f l u o r o t e l l u r a t e a n i o n ( S e c t i o n 4.5.2). 
The r e m a i n i n g s t r o n g bands i n t h e f a r - i n f r a r e d can be assi g n e d 
2-
t o t h e TeYg s p e c i e s , a l t h o u g h f o r t h e i o d o - compound t h e 
band i s absent (Table 2.7). 
The Raman s p e c t r a a l s o e x h i b i t bands a t t r i b -
u t a b l e t o t h e hexahalogeno- s p e c i e s ( S e c t i o n 2.3.1), s u g g e s t i n g 
t h e f o l l o w i n g t o have o c c u r r e d : 
2-
5TeF. + 6X » 4TeF c + TeX, 
4 5 6 
(b) N.M.R. S p e c t r a 
The f l u o r i n e - 1 9 n.m.r. s p e c t r a f o r t h e s e 
s p e c i e s a r e e n t i r e l y c o n s i s t e n t w i t h t h e above c o n c l u s i o n s . 
The c h e m i c a l s h i f t s , measured d o w n f i e l d f r o m h e x a f l u o r o b e n z e n e , 
a r e g i v e n i n Table 2.20. 
TART.E 7.7C> 
2-
F l u o r i n e - 1 9 N.M.R. Spe c t r a o f t h e TeF Y Systems 
SYSTEM CHEMICAL COUPLING SHIFT (ppm) CONSTANT (Hz) 
TeF.CI 2 ~ 122.5 
131.2 
r e F 4 B r 2 2 ~ 123. 7 
133.2 50. 3 
r e F 4 I 2 2 " 123.8 
132.4 50. 8 
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A l t h o u g h a t room t e m p e r a t u r e , o n l y two broad l i n e s 
were observed i n a l l t h e s p e c t r a , a t 243K t h e s i g n a l s near 
123 and 132 ppm s p l i t i n t o a d o u b l e t and q u i n t e t , r e s p e c t i v e l y . 
These are t h e m u l t i p l e t s expected f o r a x i a l f l u o r i n e - e q u a t o r i a l 
f l u o r i n e c o u p l i n g i n a square p y r a m i d a l s p e c i e s . The c o u p l i n g 
133 
c o n s t a n t s a r e v e r y c l o s e t o t h a t r e p o r t e d p r e v i o u s l y , 
a l t h o u g h t h e chemical s h i f t s d i f f e r by over 100 ppm (Table 4.4). 
U n f o r t u n a t e l y , s i g n a l s c o u l d n o t be o b t a i n e d f r o m s p e c i e s 
2-
of g e n e r a l f o r m u l a TeX^F^ 
The r e s u l t s o b t a i n e d f r o m t e l l u r i u m - 1 2 5 n.m.r. s p e c t r o -
scopy are r e p o r t e d i n Table 2.21. 
TABLE 2.21 
T e l l u r i u m - 1 2 5 N.M.R. Spe c t r a o f t h e Mixed F l u o r o t e l l u r a t e Systems 
SYSTEM CHEMICAL SHIFT (ppm) 
T e F 4 C l 2 2 " 1323 
T e F 4 B r 2 2 ~ 1347 (2) 
1331 (1) 
2-
T e F 4 I 2 1139 




T e B r 4 F 2 1336 
2-T e l F 4 2 -
These r e s u l t s a re l e s s c o n c l u s i v e t h a n those o b t a i n e d 
f r o m f l u o r i n e - 1 9 n.m.r. s p e c t r o s c o p y . The chemical s h i f t s 
2- 2-
of t h e T e F 4 C l 2 and T e F 4 B r 2 systems l i e i n t h e s i x -
c o o r d i n a t e r e g i o n and are t e n t a t i v e l y a s s i g n e d t o i n t e r m e d i a t e 
s p e c i e s o f unknown c o n s t i t u t i o n w i t h t h e peak a t 1331 ppm i n 
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t h e spectrum o f t h e TeF^B^ i o n a s s i g n e d t o t h e TeBr^ 
s p e c i e s . The m u l t i p l e t a t 1139 i n t h e spectrum o f t h e 
2-
T e F ^ l ^ i o n i s i m m e d i a t e l y a s s i g n e d t o t h e TeF,_ s p e c i e s 
( S e c t i o n 4.5.2). The l a c k o f c o r r e l a t i o n between t h e 
f l u o r i n e - 1 9 and t h e t e l l u r i u m - 1 2 5 n.m.r. s p e c t r a f o r t h e s e 
c h l o r o - and bromo- s p e c i e s i s most p r o b a b l y a consequence o f 
t h e d i f f e r i n g t e m p e r a t u r e s a t which t h e s p e c t r a were r e c o r d e d , 
w i t h exchange o c c u r r i n g a t room t e m p e r a t u r e . 
The s p e c t r a r e c o r d e d f r o m s p e c i e s o f g e n e r a l f o r m u l a 
2_ 
TeX^,F2 a r e even more c o m p l i c a t e d e s p e c i a l l y f o r t h e c h l o r o -
compound. The s i g n a l s a t 1466 and 1577 ppm l i e i n t h e f i v e -
c o o r d i n a t e r e g i o n and a r e a s s i g n e d t o unknown i n t e r m e d i a t e 
f l u o r o c h l o r o - s p e c i e s . The s i g n a l a t 1796 ppm l i e s q u i t e 
c l o s e t o t h a t observed f o r t e l l u r i u m t e t r a c h l o r i d e i n a c e t o -
n i t r i l e , t h e s o l v e n t used i n t h i s s t u d y (1724 ppm), and so 
c o u l d be due t o an unknown n e u t r a l f l u o r o c h l o r o - s p e c i e s . 
The s i g n a l s a t 1466 and 1796 ppm a l s o appeared i n t h e spectrum 
o f t h e TeCl^F system. The s i g n a l a t 1336 ppm f o r t h e bromo-
compound i s a s s i g n e d t o a s i x - c o o r d i n a t e i n t e r m e d i a t e f l u o r o -
2-
bromo- s p e c i e s , p o s s i b l y TeBr^F^ - T h i s f u r t h e r i o n i s a t i o n 
o f t h e h e x a c o o r d i n a t e s p e c i e s i s p r o b a b l y due t o t h e f a i r l y good 
i o n i s i n g p r o p e r t i e s o f a c e t o n i t r i l e . 
CONCLUSION 
The r e s u l t s f o r t h e h e x a c h l o r o - , hexabromo- and hexaiodo-
s p e c i e s show no evidence o f d i s t o r t i o n , n e i t h e r i n t h e s o l i d 
s t a t e n or i n s o l u t i o n . A l t h o u g h t h e i r c o l o u r s , c o n d u c t i v i t y , 
and s p e c t r o s c o p i c p r o p e r t i e s have been c i t e d as evidence o f 
p o p u l a t i o n o f s o l i d s t a t e bands i n t h e s e compounds, unusual 
48 
s p e c t r o s c o p i c b e h a v i o u r can be a d e q u a t e l y e x p l a i n e d by 
7 8 
second-order J a h n - T e l l e r o r pre-resonance Raman e f f e c t s . 
85 
The f a c t t h a t t h e s o l u t i o n s a r e a l s o c o l o u r e d i n d i c a t e s a 
s o l i d s t a t e mechanism t o be i n v a l i d and t h e o c c u r r e n c e o f 
* * 
i g l u t r a n s i t i o n s i s a much more l i k e l y e x p l a n a t i o n . 
More work i s necessary b e f o r e t h e c o n d u c t i v i t y can be s a t i s -
f a c t o r i l y e x p l a i n e d . ^ 
The breakdown of t h e p a i r w i s e a d d i t i v i t y r u l e s f o r 
t e l l u r i u m suggests t h a t t h e l o n e p a i r o f e l e c t r o n s i s con-
t r i b u t i n g t o t h e s h i e l d i n g i n an a n i s o t r o p i c manner, perhaps 
due t o h y b r i d i s a t i o n w i t h t h e t e l l u r i u m p o r b i t a l s . There i s 
some evidence t h a t t h e s e l e c t r o n s a r e , indeed, i n v o l v e d i n 
b o n d i n g . 8 5 ' 9 3 
The presence o f m i x t u r e s i n t h e i o d o - s e r i e s may be a 
consequence o f t h e s t r e n g t h o f t h e t e l l u r i u m - i o d i n e bond; b u t 
f u r t h e r n.m.r. work a t h i g h e r f i e l d and lower t e m p e r a t u r e may 
be e n l i g h t e n i n g . The appearance o f a s i g n a l a t 1446 ppm. i n 
d i f f e r e n t c h l o r o i o d o - systems a l s o m e r i t s f u r t h e r i n v e s t i g a t i o n s . 
The f o r m a t i o n o f t h e p e n t a f l u o r o - a n i o n i n r e a c t i o n s o f 
t e l l u r i u m t e t r a f l u o r i d e w i t h h a l i d e i o n r e f l e c t s t h e g r e a t 
s t a b i l i t y o f t h i s s p e c i e s . The absence o f Raman bands 
a t t r i b u t a b l e t o TeF,.- i n t h e s e systems i s p r o b a b l y due t o t h e 
g r e a t e r s c a t t e r i n g power o f t h e hexahalogeno- complexes. 
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EXPERIMENTAL 
2. 5 The Hexachloro-, Hexabromo- and H e x a i o d o t e l l u r a t e s 
123 These compounds were p r e p a r e d by s t a n d a r d methods, 
as t h e i r t e t r a b u t y l a m m o n i u m s a l t s , by m i x i n g t e l l u r i u m d i o x i d e 
(B.D.H. l a b o r a t o r y r e a g e n t , 99%) and t h e a p p r o p r i a t e h a l i d e 
( c h l o r i d e and bromide s u p p l i e d by Eastman Kodak, i o d i d e s u p p l i e d 
by B.D.H., 98%) i n t h e c o r r e s p o n d i n g h y d r o h a l o g e n i c a c i d 
(HC1, sq.gr. 1.18, 36% and HBr, sp.gr. 1.47, 47% were s u p p l i e d 
by B.D.H. and H I , sq.gr. 1.70, 55% was s u p p l i e d by Hopkin and 
W i l l i a m s ) . The r e s u l t i n g h e x a c h l o r o - ( y e l l o w ) , hexabromo-
(orange) and hexaiodo- ( b l a c k ) complexes were f i l t e r e d o f f on 
a s i n t e r washed w i t h t h e r e l e v a n t h y d r o h a l o g e n i c a c i d and d r i e d 
in vacuo. They were s u b s e q u e n t l y handled under n i t r o g e n . 
A l l c hemicals were used as s u p p l i e d except t h e h y d r i o d i c a c i d 
which was d i s t i l l e d f r o m r e d phosphorus a t 400K t o remove 
• ^- 124 i o d i n e . 
TABLE 2.22 
A n a l y t i c a l R e s u l t s f o r t h e Hexachloro-, Hexabromo- and 
H e x a i o d o t e l l u r a t e s 
SPECIES C H N Te Halogen - — 
( B u 4 N ) 2 T e C l 6 46. 4 8.8 3.4 15. 5 25.8 Calc. 
44.6 8.5 3.3 15.6 25.6 Obs. 
( B u 4 N ) 2 T e B r & 35.2 8.3 2.3 11.4 43.3 Calc. 
35.4 8.1 2.5 11.4 43.9 Obs. 
( B u 4 N ) 2 T e I 6 28.0 5.2 2.0 9.3 55.4 Calc. 
26. 7 5.7 2.2 9.3 55.4 Obs 
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2.6 Mixed H e x a h a l o q e n o t e l l u r a t e s 
These complexes were p r e p a r e d by m i x i n g t o g e t h e r t h e 
s t o i c h i o m e t r i c q u a n t i t i e s o f t e l l u r i u m t e t r a h a l i d e and 
tet r a b u t y l a m m o n i u m h a l i d e i n d i c h l o r o m e t h a n e under n i t r o g e n . 
A l t h o u g h t h e t e t r a h a l i d e s were i n s o l u b l e i n d i c h l o r o m e t h a n e , 
t h e complexes were f r e e l y s o l u b l e and t o t a l s o l u t i o n was 
ac h i e v e d i m m e d i a t e l y on m i x i n g . The s o l v e n t was t h e n removed 
by pumping. T y p i c a l l y , 2-5 mmol o f p r o d u c t were p r e p a r e d . 
A l l t h e h a l i d e s were d r i e d by pumping except t e t r a b u t y l a m m o n i u m 
c h l o r i d e w h i c h was d r i e d by removing w a t e r a z e o t r o p i c a l l y , 
t w i c e i n methanol and f i n a l l y i n t o l u e n e . 
TABLE 2.23 
A n a l y t i c a l R e s u l t s f o r t h e Mixed C h l o r o b r o m o t e l l u r a t e s 
SPECIES C H N Te C I Br 
(Bu.'N) -TeCl cBr 4 2 5 44.2 8.3 3.2 14.7 20.4 9.2 Calc. 
43.2 8.0 2.9 14.7 18.5 8.8 Obs. 
( B u 4 N ) 2 T e C l 4 B r 2 42.1 7.9 3.1 13.9 17. 5 15. 5 Calc. 
42.7 8.1 3.4 13.8 33 .0 Obs. 
( B u 4 N ) 2 T e C l 3 B r 3 40.1 7.5 2.9 13.3 11.1 25.0 Calc. 
38 .~3 ~ 8.0 2.8 ~13."y" 36~ .1 Obs. 
( B u 4 N ) 2 T e C l 2 B r 4 38.3 7.2 2.8 12. 7 7.1 31.9 Calc. 
36.8 7.2 2.5 12.6 6.9 32. 5 Obs 
(Bu.N) „TeClBr,-4 2. b 36.7 6.9 2.7 12 . 2 3.4 38.2 C a l c . 
36.4 7.0 2.7 12.2 41 .6 Obs 
I n t h e c h l o r o i o d o - and bromoiodo- s e r i e s , t h e systems o f 
2_ 
g e n e r a l f o r m u l a TeX 3Y 3 were p r e p a r e d by m i x i n g e q u i m o l a r 
q u a n t i t i e s o f t h e h e x a c h l o r o - and hexaiodo-, and hexabromo- and 
h e x a i o d o t e l l u r a t e s , r e s p e c t i v e l y . 
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TABLE 2.24 
A n a l y t i c a l R e s u l t s f o r t h e H e x a c h l o r i o d o - Systems 
1 
SYSTEM C H N Te CI I 
( B u 4 N ) 2 T e C l 5 I 41.9 7.9 3.1 13.9 19.3 13.9 Cal c . 
41.2 8.8 2.8 14.1 19.5 14.3 Obs. 
( B u 4 N ) 2 T e C l 4 I 2 38.2 7.1 2.8 12. 7 14.1 25.2 Cal c . 
39.1 7.5 2.7 12.7 13.2 24.9 Obs. 
( B u 4 N ) 2 T e C l 3 I 3 34.9 6.5 2.5 11.6 9.7 34.6 Calc. 
34.6 7.3 2.3 11.6 9.5 34.6 Obs. 
( B u 4 N ) 2 T e C l 2 I 4 32.3 6.0 2.4 10.7 6.0 42.6 Calc. 
32.6 6.8 2.2 10.1 6.0 39.0 Obs. 
( B u 4 N ) 2 T e C l I 5 29.9 5.6 2.2 10.0 2.8 49.5 Calc. 
32.3 6.8 2.1 8.1 2.5 48.9 Obs. 
TABLE 2.25 
A n a l y t i c a l R e s u l t s f o r t h e Hexabromoiodo- Systems 
SYSTEM C H N Te Br I 
( B u 4 N ) 2 T e B r 5 I 32.8 6.3 2.5 11.2 35.1 11.1 C a l c . 
33.5 6.4 2.4 11.0 34.5 11.0 Obs. 
( B u 4 N ) 2 T e B r 4 I 2 32.4 6.1 2.4 10.8 27.0 21.4 Calc. 
32.1 6.3 2.3 10. 7 26.8 21.4 Obs. 
( B u 4 N ) 2 T e B r 3 I 3 31.1 5.8 2.3 10.3 19. 4 30.9 Calc. 
31.3 6.2 3.0 9.9 19. 5 20. 8 Obs. 
( B u 4 N ) 2 T e B r 2 I 4 30.0 5.6 2.2 9.9 12.5 39.7 Cal c . 
30. 2 5.9 2.1 9.9 12. 5 40.2 Obs. 
(Bu,N) T e B r l 4 2 5 28.9 5.4 2.1 9.6 6.0 47.8 Calc. 
35.9 6.9 2.2 5.9 7.3 39.6 Obs. 
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The s p e c i e s o f g e n e r a l f o r m u l a T e I r X were found t o 
b 
g i v e u n s a t i s f a c t o r y a n a l y s e s , e s p e c i a l l y where X i s bromide. 
T h i s problem c o u l d w e l l be a s s o c i a t e d w i t h t h e apparent g r e a t e r 
2_ 
s t a b i l i t y o f t h e T e l ^ s p e c i e s . 
As mentioned i n S e c t i o n 2.4.4, o n l y s p e c i e s o f g e n e r a l 
2- 2-f o r m u l a TeF^X^ and TeX 4F 2 c o u l d be p r e p a r e d among t h e 
f l u o r o t e l l u r a t e s and t h e c h l o r o - compounds c o u l d n o t be i s o l a t e d 
as s o l i d s . The a n a l y t i c a l r e s u l t s a r e g i v e n i n Table 2.26. 
TABLE 2.26 
A n a l y t i c a l R e s u l t s f o r t h e Mixed H e x a f l u o r o t e l l u r a t e Systems 
SYSTEM C 
• 
H N Na Te F Br I 
( B u 4 N ) 2 T e F 4 B r 2 45.3 8.5 3.3 - 14.9 9.0 18.8 - Calc. 
44.9 11.9 3.4 - 15.0 18.3 - Obs. 
(NaCl8c6)) 2TeBr^F 2 27.2 4.5 - 4.3 12.0 3.6 30.2 Calc. 
26.6 4.7 - 4.0 11.9 30.8 - Obs. 
( B u 4 N ) 2 T e F 4 I 2 40.7 7.6 3.0 - 13.4 8.1 - 26.9 Calc. 
40.7 8.1 3.2 - 13.8 - 26.8 Obs. 
(Na(18c6)) 2TeI 4F 2 3.8 - 3.7 10.2 3.0 - 40.7 Calc. 
- 3.0 10.3 - 40.9 Obs. 
The t e l l u r i u m t e t r a f l u o r i d e was p r e p a r e d as d e s c r i b e d i n 
2-
S e c t i o n 6.7.3. The s p e c i e s o f g e n e r a l f o r m u l a TeX 4F 2 were 
pr e p a r e d as t h e i r sodium (18-crown-6) e t h e r (Na(18c6)) s a l t s 
i n o r d e r t o c o n f e r s o l u b i l i t y i n o r g a n i c s o l v e n t s . The 
18-crown-6 e t h e r was s u p p l i e d by F l u k a A.G. and t h e sodium 
f l u o r i d e by B.D.H. L t d . A c e t o n o n i t r i l e was used as s o l v e n t . 
The d i f f i c u l t y e ncountered i n i s o l a t i n g t h e f l u o r o c h l o r o -
complexes as s o l i d s may have been due t o t h e presence o f f l u o r i d e 
53 
i o n , w h i c h has been found n o t t o f o r m a c r y s t a l l i n e phase 
184 
w i t h t h e sodium (18-crown-6) e t h e r c a t i o n . I n t h e case 
2-
o f t h e TeCl 4F2 system, t h e s o l v a t i o n o f t h e f l u o r i d e i o n by 
( 2-a c e t o n i t r i l e may decompose t h e TeCl 4F2 i o n , g e n e r a t i n g 
f l u o r i d e i o n f r o m which t h e l a s t t r a c e s o f s o l v e n t cannot be 
2-
removed. The s i t u a t i o n i s s i m i l a r f o r t h e TeF^Cl^ system 
w i t h a g a i n t h e problem o f removing t h e s o l v e n t , i n t h i s case 
d i c h l o r o m e t h a n e , t o o b t a i n a s o l i d phase. 
2-
The a t t e m p t e d p r e p a r a t i o n o f t h e TeCl^F spe c i e s as i t s 
sodium (18-crown-6) e t h e r s a l t f a i l e d s i n c e sodium c h l o r i d e was 
found t o be i n s o l u b l e i n a s o l u t i o n o f t h e e t h e r i n a c e t o n i t r i l e . 
T h i s may have been due t o t h e low s o l v a t i o n energy o f t h e 
c h l o r i d e i o n . 
A d d i t i o n o f an e q u i m o l a r q u a n t i t y o f c h l o r i d e i o n t o a 
s o l u t i o n o f t e t r a b u t y l a m m o n i u m p e n t a f l u o r o t e l l u r a t e i n d i c h l o r o -
methane was f o u n d n o t t o y i e l d t h e TeF^Cl s p e c i e s . The 
t e l l u r i u m - 1 2 5 n.m.r. showed o n l y t h e p e n t a f l u o r o t e l l u r a t e i o n 
t o be p r e s e n t , w i t h a c h e m i c a l s h i f t a t 1141 p.p.m. 
F i n a l l y , f l u o r i n e a n a l y s e s were n o t d e t e r m i n e d on t h e 
s o l i d compounds, s i n c e an i n s u f f i c i e n t q u a n t i t y o f sample was 
a v a i l a b l e . 
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CHAPTER THREE 
THE HEXAFLUOROTELLURATE ANION 
INTRODUCTION 
A l t h o u g h t h e h e x a f l u o r o t e l l u r a t e i o n has been p o s t u l a t e d 
s e v e r a l t i m e s , i t s e x i s t e n c e has never been p r o v e d beyond 
doubt and, a t t h e moment, i t can be c o n s i d e r e d t o be unknown. 
I t i s t h e r e f o r e c o n s i d e r e d s e p a r a t e l y . 
125 
The s p e c i e s was f i r s t r e p o r t e d as t h e d i p y r i d i n i u m 
s a l t , p r e p a r e d as b u f f - c o l o u r e d , needle-shaped c r y s t a l s f r o m 
t e l l u r i u m d i o x i d e and p y r i d i n e i n c o n c e n t r a t e d h y d r o f l u o r i c 
126 
a c i d . L a t e r Seel and Massat r e p o r t e d t h e r e a c t i o n between 
t e l l u r i u m t e t r a c h l o r i d e and n i t r o s y l f l u o r i d e i n l i q u i d s u l p h u r 
d i o x i d e t h u s : 
TeCl. + 6FS0-N0 > (NO)„TeF, + 4N0C1 + 6S0_ 
4 2 2 O 2 
127 
The d i - S - b e n z y l t h i u r o n i u m s a l t has a l s o been d e s c r i b e d , 
b e i n g p r e p a r e d i n a s i m i l a r manner t o t h e d i p y r i d i n i u m s a l t . 
128 
Edwards r e p o r t e d t h r e e a t t e m p t s a t p r e p a r i n g t h e hexa-
f l u o r o t e l l u r a t e i o n : 
( i ) H e a t i n g o f po t a s s i u m p e n t a f l u o r o t e l l u r a t e t o 723K 
i n a n i c k e l t u b e under vacuum, 
( i i ) F u s i o n o f p o t a s s i u m p e n t a f l u o r o t e l l u r a t e w i t h t h e 
s t o i c h i o m e t r i c q u a n t i t y o f po t a s s i u m f l u o r i d e 
r e q u i r e d t o f o r m t h e h e x a f l u o r o t e l l u r a t e . 
( i i i ) Condensation o f se l e n i u m t e t r a f l u o r i d e o n t o a 
m i x t u r e o f po t a s s i u m f l u o r i d e and t e l l u r i u m d i o x i d e 
i n t h e molar p r o p o r t i o n s , 2:1, f o l l o w e d by warming. 
However, i n no case was t h e d e s i r e d p r o d u c t o b t a i n e d , methods 
( i ) and ( i i ) y i e l d i n g o n l y s t a r t i n g m a t e r i a l s and method ( i i i ) 
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y i e l d i n g p o t a s s i u m p e n t a f l u o r o t e l l u r a t e and po t a s s i u m p e n t a -
f l u o r o s e l e n a t e ; w i t h s e l e n i u m and t e l l u r i u m a l s o b e i n g formed. 
62—65 
Russian Mossbauer work has a l l u d e d t o t h e presence 
of t h e h e x a f l u o r o t e l l u r a t e s p e c i e s i n s o l u t i o n s o f t e l l u r i u m 
d i o x i d e i n c o n c e n t r a t e d h y d r o f l u o r i c a c i d , b u t has been s e v e r e l y 
66 
c r i t i c i s e d , i n f a v o u r o f t h e p e n t a f l u o r o t e l l u r a t e . 
129 
Sarma has made numerous a t t e m p t s t o pr e p a r e hexa-
f l u o r o t e l l u r a t e s a l t s and these a r e summarised below: 
( i ) R e a c t i o n o f t e l l u r i u m d i o x i d e w i t h f l u o r i d e i o n 
o r an o r g a n i c base i n 40% h y d r o f l u o r i c a c i d , 
( i i ) F l u o r i n a t i o n o f h e x a c h l o r o t e l l u r a t e s w i t h f l u o r i n e 
o r i o d i n e p e n t a f l u o r i d e and o f h e x a b r o m o t e l l u r a t e s 
w i t h f l u o r i n e , s e l e n i u m t e t r a f l u o r i d e o r po t a s s i u m 
f l u o r i d e i n l i q u i d s u l p h u r d i o x i d e , 
( i i i ) F u s i o n o f t e l l u r i u m t e t r a f l u o r i d e w i t h caesium f l u o r i d e . 
However, methods ( i ) and ( i i i ) g e n e r a l l y gave r i s e t o p e n t a -
f l u o r o t e l l u r a t e s w h i l e method ( i i ) l i b e r a t e d t e l l u r i u m hexa-
f l u o r i d e . 
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At t e m p t s t o r e p e a t t h e p r e p a r a t i o n o f t h e d i p y r i d i n i u m ' 
and di-S-benzylthiuronium"'"^^ s a l t s p r o ved f r u i t l e s s and o n i y 
p e n t a f l u o r o t e l l u r a t e s were formed. 
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Adams and Downs a l s o f a i l e d t o p r e p a r e t h e h e x a - f l u o r o -
s p e c i e s f r o m s o l u t i o n s o f t e l l u r i u m d i o x i d e i n c o n c e n t r a t e d 
h y d r o f l u o r i c a c i d and suggested t h a t t h i s a n i o n must possess a 
s i g n i f i c a n t p o s i t i v e f r e e energy o f f o r m a t i o n w i t h r e s p e c t t o 
the p e n t a f l u o r o - s p e c i e s and f l u o r i d e i o n . M i l n e and M o f f e t t " ^ 0 
l i k e w i s e f a i l e d t o produce h e x a f l u o r o t e l l u r a t e s by m i x i n g 
t e t r a a l k y l a m m o n i u m f l u o r i d e s w i t h t h e c o r r e s p o n d i n g p e n t a -
f l u o r o t e l l u r a t e s i n c o n c e n t r a t e d h y d r o f l u o r i c a c i d o r a c e t o n i t r i l e 
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More r e c e n t l y , the h e x a f l u o r o t e l l u r a t e i o n has been 
reported as being present i n s o l u t i o n s of t e l l u r i u m t e t r a -
132 
f l u o r i d e and dibutylammonium f l u o r i d e i n dichloromethane. 
19 
The F n.m.r. s h i f t was found t o be i d e n t i c a l w i t h t h a t 
obtained from s o l u t i o n s of the p e n t a f l u o r o t e l l u r a t e anion i n 
dichloromethane although no a c t u a l values were given. The 
2-
sharpening of the l i n e assigned t o TeF^ at low temperature 
was taken as due t o exchange w i t h f l u o r i d e i o n . No s p l i t t i n g 
was observed i n the spectrum of the p e n t a f l u o r o t e l l u r a t e . 133 2-This work was l a t e r questioned and no evidence of TeF^ i n 
s o l u t i o n s of Bu^NF and Bu^NTeF,- i n dichloromethane a t 303K 
was found. 
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F i n a l l y , Urch has suggested t h a t , i f formed, the hexa-
f l u o r o t e l l u r a t e i o n may w e l l be d i s t o r t e d since the f l u o r i n e 
2p o r b i t a l s w i l l be of comparable energy t o the t e l l u r i u m 5s 
o r b i t a l s and the r e s u l t i n g i n t e r a c t i o n w i l l d e s t a b i l i s e the 
a^g o r b i t a l (Section 2.1.5). 
I n t h i s work f o u r methods of p r e p a r a t i o n were attempted, 
a l l i n v o l v i n g r e a c t i o n of a p e n t a f l u o r o t e l l u r a t e w i t h f l u o r i d e 
i o n . RESULTS AND DISCUSSION 
3.1 Reaction between Me^NF and Me^NTeF,. i n L i q u i d Sulphur Dioxide 
126 
The work of Seel and Massat suggested l i q u i d sulphur 
dioxide t o be a s u i t a b l e solvent f o r the p r e p a r a t i o n of the 
h e x a f l u o r o t e l l u r a t e anion. I n the present work the t e t r a m e t h y l -
ammonium r a t h e r than the nitrosonium c a t i o n was u t i l i s e d , since 
a more favourable l a t t i c e energy change could be expected. 
Accordingly, s o l u t i o n s of Me^NF and Me^NTeFj. were made up 
57 
and mixed i n a 1:1 molar r a t i o . Upon mixing a white s o l i d 
was p r e c i p i t a t e d , presumably due t o the high concentration of 
tetramethylammonium c a t i o n , and t h i s was f i l t e r e d o f f and i t s 
i n f r a r e d spectrum recorded. However, only bands due t o penta-
134 135 f l u o r o t e l l u r a t e and f l u o r o s u l p h i t e were observed, the 
l a t t e r being known t o be formed i n s o l u t i o n s of f l u o r i d e ion 
136 
i n l i q u i d sulphur d i o x i d e . 
This experiment casts doubt on the e a r l i e r work and i t i s 
most probable t h a t Seel and Massat obtained NOTeF^. 
3.2 Reaction between Bu^NF.nl^O and Bu^NTeF,. i n Dic'hloromethane 
I n t h i s experiment tetrabutylammonium s a l t s were used 
since t h e i r presence would not only lead t o greater s t a b i l i s a t i o n 
of a l a r g e anion but would also confer s o l u b i l i t y i n i n e r t , 
p o l a r organic solvents , such as dichloromethane, enabling _.n .m. r . 
spectra t o be recorded. U n f o r t u n a t e l y , tetrabutylammonium 
f l u o r i d e cannot be prepared i n an anhydrous s t a t e , i t u s u a l l y 
being associated w i t h approximately 30 molecules of water. 
The compound was t h e r e f o r e d i s s o l v e d i n toluene and the toluene-
water azeotrope d i s t i l l e d - o f f leaving-a gum-like _substance 
Due t o i t s low s o l u b i l i t y i n toluene, the tetrabutylammonium 
p e n t a f l u o r o t e l l u r a t e was added as. a s o l u t i o n i n dichloromethane. 
The gum d i s s o l v e d but t e l l u r i u m - 1 2 5 n.m.r. of the s o l u t i o n 
showed the p e n t a f l u o r o t e l l u r a t e (Section 4.5.2) i o n t o be the 
only t e l l u r i u m c o n t a i n i n g species present. 
3.3 Reaction between NaF and NaTeF^ i n the Presence of 
18-Crown-6 Ether 
As an a l t e r n a t i v e t o decreasing the l a t t i c e energy using 
large organic c a t i o n s , the f l u o r i d e s of which are d i f f i c u l t t o 
58 
dry, sodium f l u o r i d e was d i s s o l v e d i n a c e t o n i t r i l e i n the 
presence of 18-crown-6 ether. The crown-ether i s known t o 
define a c a v i t y of s u f f i c i e n t s i z e t o envelope a sodium i o n 
137 
leaving " f r e e " f l u o r i d e . A f t e r the sodium p e n t a f l u o r o -
t e l l u r a t e had been added and di s s o l v e d , the s o l u t i o n was 
evaporated t o low volume and the white s o l i d p r e c i p i t a t e d 
was f i l t e r e d o f f i n the dry box. The i n f r a r e d spectrum of 
t h i s s o l i d showed only the p e n t a f l u o r o t e l l u r a t e i o n t o be 
4- 1 3 4 
present. 
3.4 Reaction between Bu4NF.nH20 and Bu^NTeF,- i n the Fused State 
I n a f i n a l attempt t o prepare the hexafluoro- species 
the s t a r t i n g m a t e r i a l s were melted together as the t e t r a b u t y l -
ammonium s a l t s , the f l u o r i d e being f i r s t d r i e d as much as 
possible by pumping under vacuum. The temperature was f i r s t 
increased t o 343K, and i n f r a r e d spectra of the produce showed 
p e n t a f l u o r o t e l l u r a t e t o be present as w e l l as hydrogen bonded 
water and a new band at 250 cm ^. Some idea of the nature of 
t h i s band may be gained from a comparison of the spectra of the 
penta- and h o x a c h l o r o t e l l u r a t e s . I f the r a t i o between the 
v 1 mode f o r Bu^NTeCl,- (Table 4.5) and the bands assigned t o 
and f o r (Bu 4N) 2TeCl & (Table 2.7) i s used t o determine 
v 3 and v 4 f o r (Bu^N) 2TeF^ from the v 1 band f o r Bu^NTeF,. (Table 4. 
then bands at 486, 434 and 261 cm - 1 are p r e d i c t e d . The two high 
frequency bands ( v - ^ ) would be obscured by these due t o and 
of the p e n t a f l u o r o - species, but the band a t 261 cm - 1 ( v ^ ) could 
correspond t o t h a t observed a t 250 cm . 
Tellurium-125 n.m.r. spectra also e x h i b i t e d new s i g n a l s 
at 887, 817 and 718 ppm. 
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At higher temperatures, although the water band had 
disappeared, the new band was l i k e w i s e no longer v i s i b l e and 
c o n t r o l experiments e s t a b l i s h e d t h a t tetrabutylammonium 
f l u o r i d e had decomposed a t around 353K t o give 1-butene and 
presumably tributylammonium f l u o r i d e . 
The experiment was repeated w i t h the tetramethylammonium 
s a l t s , since the f l u o r i d e was a v a i l a b l e i n an anhydrous s t a t e , 
but no advantage was gained and the compounds d i d not even melt 
at 483K, but only darkened and decomposed t o give trimethylamine 
and presumably fluoromethane. 
CONCLUSION 
I t i s obvious from t h i s work t h a t the p e n t a f l u o r o t e l l u r a t e 
ion i s extremely r e l u c t a n t t o accept a f l u o r i d e i o n , perhaps 
due t o r e p u l s i o n by the t i g h t l y bound lone p a i r of ele c t r o n s 
on t e l l u r i u m . Even f o r c i n g c o n d i t i o n s d i d not lead t o any w e l l -
defined r e s u l t s but the - f o l l o w i n g e q u i l i b r i u m can be p o s t u l a t e d : 
Bu4NF.nH20 + Bu 4NTeF 5 v ( B u 4 N ) 2 T e F 6 + n H 2 ° 
I f the water can be q u i c k l y removed a t 343K by using very 
high vacuum, then perhaps t h i s i l l u s i v e species can be f i n a l l y 
i s o l a t e d . 
EXPERIMENTAL 
3.5 Reaction between Me^NF and Me^NTeF^ i n L i q u i d Sulphur Dioxide 
This experiment was performed i n a Schlenk apparatus of 
138 
the type depicted i n Figure 7.21, of Schriver. Dry t e t r a -
methylammonium f l u o r i d e , k i n d l y donated by the l a t e Professor 
3 
T.C. Waddington, was diss o l v e d i n approximately 3cm of sulphur 
d i o x i d e , p r e v i o u s l y d r i e d over phosphorus pentoxide. An 
equimolar q u a n t i t y (3mmol.) of tetramethylammonium p e n t a f l u o r o -
60 
t e l l u r a t e , prepared as described i n Section 6.7.2, was d i s s o l v e d 
3 
i n about 5cm of l i q u i d sulphur d i o x i d e i n the other limb of 
the vessel. The s o l u t i o n s were then mixed and the r e s u l t i n g 
p r e c i p i t a t e was f i l t e r e d a t the s i n t e r by c o o l i n g one limb i n 
a toluene slush bath at 178K. A f t e r the solvent had been 
pumped away, the apparatus was taken i n t o the dry box where 
a n u j o l m u l l of the s o l i d was made up. The i n f r a r e d spectrum 
displayed bands at 273, 343, 480 and 632 cm ^ assignable t o 
134 
the p e n t a f l u o r o t e l l u r a t e i o n as w e l l as bands a t 590, 1095 -1 135 and 1185 cm due t o the f l u o r o s u l p h i t e anion. 
3.6 Reaction between Bu^NF.nf^O and Bu^NTeF,. i n Dichloromethane 
The hydrated f l u o r i d e (lmmol. n = 28.9 from a n a l y s i s ) 
prepared as described i n Section 6.7.1 was d i s s o l v e d i n approxim 
3 3 a t e l y 50 cm of toluene contained i n a 250 cm two-necked, round 
bottomed f l a s k . I n one neck of the f l a s k was placed a d i s t i l l -
a t i o n column, packed w i t h glass h e l i c e s and l i n k e d at the top 
t o a r e c e i v e r f l a s k above which was a L i e b i g condenser, mounted 
v e r t i c a l l y . A thermometer was also placed a t the head of the 
d i s t i l l a t i o n column. 
The s o l u t i o n was heated using an isomantle and the toluene-
water azeotrope d i s t i l l e d at 382K. Further a l i q u o t s of toluene 
were added u n t i l 300cm^ had been added i n a l l , whereupon the 
d i s t i l l a t i o n was continued u n t i l only a gum-like substance 
remained i n the f l a s k . F i n a l traces of toluene were removed 
by pumping under vacuum and the p e n t a f l u o r o t e l l u r a t e (lmmol.), 
prepared as described i n Section 6.7.2, was added as a s o l u t i o n 
3 
i n 2 cm of dichloromethane, i n the dry box. A f t e r 16 hours 
61 
the volume of the r e s u l t i n g s o l u t i o n was reduced t o 1 cm on 
the vacuum l i n e and an n.m.r. sample prepared i n the dry box. 
The chemical s h i f t measured, 1141 ppm, i n d i c a t e d t h a t the 
p e n t a f l u o r o t e l l u r a t e i o n was present (Section 4.5.2). 
3.7 Reaction between NaF and NaTeF^ i n the presence of 
18-Crown-6-Ether 
Sodium f l u o r i d e (lmmol.), p r e v i o u s l y d r i e d under vacuum 
3 
f o r 10 hours, was dissolved i n approximately 5 cm of dry 
a c e t o n i t r i l e c o n t a i n i n g 2mmol. of 18-crown-6 ether (Section 2.6) 
i n s o l u t i o n i n the dry box. Sodium p e n t a f l u o r o t e l l u r a t e 
(lmmol.) was added t o t h i s and t o t a l d i s s o l u t i o n achieved on 
shaking. The solvent was then removed on the vacuum l i n e u n t i l 
a white s o l i d was p r e c i p i t a t e d and t h i s was f i l t e r e d o f f on a 
s i n t e r f u n n e l i n the dry box and a n u j o l mull made up f o r 
i n f r a r e d a n a l y s i s . 
3.8 Reaction between Bu^NF.nt^O and Bu^NTeF,- i n the Fused State 
The hydrated f l u o r i d e (0.5 mmol.), Section 6.7.1) was 
-drred~i;n yaeuo- f o r • 2 4 -hours during which time a loss i n mass -
was observed which corresponded t o the removal of 26'mmol. of 
water ( i . e . from n = 28.9 t o n = 2.9). The p e n t a f l u o r o t e l l u r a t e 
(0.5mmol.) was added i n the dry box and the vessel (Figure 3.1) 
returned t o the vacuum l i n e . I t was then heated t o 343K by 
means of a s i l i c o n e o i l bath and maintained a t t h i s temperature 
f o r 2 days during which time the mixture p a r t i a l l y l i q u i f i e d . 
The vessel was then allowed t o cool t o room temperature and 
taken i n t o the dry box where samples of the s t i c k y s o l i d obtained 
were made up f o r i n f r a r e d and te l l u r i u m - 1 2 5 n.m.r. spectra, the 
r e s u l t s of which are discussed i n Section 3.4. 
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The experiment was repeated but the temperature was 
t h i s time r a i s e d t o 363K. However, decomposition was observed 
t o occur, as evidenced by a loss i n mass. A s i m i l a r procedure 
was f o l l o w e d using only the f l u o r i d e and decomposition was found 
t o occur a t around 353K. The contents of the t r a p on the 
vacuum l i n e were condensed onto phosphorus pentoxide t o remove 
any water present and then allowed t o expand i n t o an i n f r a r e d 
gas c e l l . The spectrum e x h i b i t e d bands at 900, 910, 920, 990, 
-1 139 1450, 1640 and 1835 cm a l l assignable t o 1-butene. 
Since i t was deemed necessary t o remove the water q u i c k l y 
and e f f i c i e n t l y , improvement of the vacuum system was attempted. 
An adaptor, shown i n Figure 3.2, was constructed so t h a t the 
r e a c t i o n vessel could be attached d i r e c t l y t o the pumping s e c t i o n 
The tap shown i n Figure 3.1 was replaced by a simple 8mm base 
tap w i t h S35 and B24 sockets. Although some improvement was 
-4 
achieved and a vacuum of 6 x 10 mm Hg a t t a i n e d , s i m i l a r 
r e s u l t s were obtained. 
The experiment w i t h the tetramethylammonium s a l t s was 
c a r r i e d out i n a manner s i m i l a r t o t h a t described i n the second 
paragraph, except t h a t the f l u o r i d e provided by Professor T.C. 
Waddington, was assumed t o be dry. The gas-phase i n f r a r e d 
spectrum of the decomposition products showed bands at 823, 1030, 
1055, 1182, 1270, 1440, 1458, 1472, 2780, 2820 and 2950 cm"1 
a l l assignable t o trimethylamine by comparison w i t h the spectrum 
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4.1 The Pentahaloqenotellurates not Containing F l u o r i n e 
Unstable acids of the form HTeX,. (where X=C1, Br or I ) 
b 
24 
were f i r s t p o s t u l a t e d at the end of the nineteenth century, 
but i t was not u n t i l 1957 t h a t the p r e p a r a t i o n of s a l t s was 
140 
reported. Aynsley and Campbell presented preparations of 
uronium s a l t s from mixtures of urea and t e l l u r i u m d i o x i d e i n 
hy d r o c h l o r i c acid, f o l l o w e d by r e c r y s t a l l i s a t i o n t o form the 
pentachloro- complex, and then treatment w i t h hydrobromic 
or h y d r i o d i c acids t o form the pentabromo- and pentaiodo-
compounds. Pyrimidinium and pyrazinium s a l t s have also 
140 
been reported. Later, the c r y s t a l s t r u c t u r e of uronium 34 p e n t a c h l o r o t e l l u r a t e was i n t e r p r e t e d as a random arrangement 
of square-pyramidal anions. However, the compound was sub-
141 + 
sequently shown t o be ammonium h e x a c h l o r o t e l l u r a t e 
formed by ac i d h y d r o l y s i s of urea). 
V i s i b l e spectra of TeX 4 - X" systems (X = CI, _"3.r) 1 4 2_'_ 1 4 3 
i n d i p o l a r organic solvents have been i n t e r p r e t e d as co n t a i n i n g 
pentahalogeno species a t low concentrations, and u l t r a v i o l e t 
74 
spectra of t e l l u r i u m t e t r a c h l o r i d e - p y r i d i n i u m hexachloro-
t e l l u r a t e s o l u t i o n s i n a c e t o n i t r i l e have suggested the formation 
of the pentachloro species according t o : 
TeCl. + T e C l , 2 - > 2TeCl ~ 
4 b o 
Unfo r t u n a t e l y , c r y s t a l s could not be i s o l a t e d and v i b r a t i o n a l 
spectra proved i n c o n c l u s i v e . Subsequent i n f r a r e d i n v e s t i g a t i o n s 
of the tatraethylammonium s a l t i m p l i e d the anion symmetry t o 
65 
be less than t h a t of the expected square based pyramid. 
78 
Adams has stu d i e d the v i b r a t i o n a l spectra of the penta-
c h l o r o - and pentabromotellurates both i n the s o l i d s t a t e and 
i n s o l u t i o n . Assignments t o C^v (square-based pyramid) were 
made l a r g e l y on the basis of analogy w i t h the p e n t a f l u o r o t e l l u r a t e s , 
which gave spectra of much higher q u a l i t y - bands due t o the 
corresponding hexahalogenotellurates caused d i f f i c u l t y by 
obscuring some of the pentahalogeno- fundamentals. A change 
i n anion c o n s t i t u t i o n between s o l i d and s o l u t i o n was p o s t u l a t e d 
f o r the tetraethylammonium s a l t s , although i t could not be 
decided whether the s o l i d s contained d i s t o r t e d but d i s c r e t e 
anions or polymeric s t r u c t u r e s . 
9 4 
E l e c t r o n i c absorption spectra have shown the pentachloro-
anion t o be present i n very low concentrations of the hexachloro-
species in-dichloromethane s o l u t i o n . '- . 
A 1:1 compound formed between phosphorus pentachloride 
and t e l l u r i u m t e t r a c h l o r i d e has been reported and the c r y s t a l 
s t r u c t u r e of the pentahalogeno-moiety was f i r s t solved i n t h i s 
144 
species. I t was found t o contai n d i s c r e t e t e t r a c h l o r o -
phosphonium; t^tx'ahedra and polymeric chains of ~ahTons~eons 1 s t i n g 
of c i s bridged octahedra. Later work confirmed t h i s arrange-. 145 ment. 
An extensive v i b r a t i o n a l a n a l y s i s , 1 0 0 i n v o l v i n g f o r c e 
constant c a l c u l a t i o n s , has been reported f o r both the penta-
chl o r o - (Table 4.1) and pentabromo- (Table 4.2) compounds. I n 
both cases C. symmetry was assumed. 
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TABLE 4 . 1 Reported V i b r a t i o n a l Spectra of the Pentachloro-
t e l l u r a t e Anion 
I n f r a r e d (cm""L) Raman (cm ) De s c r i p t i o n of Mode 
320 sh 336 s v TeCl (a 1 ) 
303 m 295 ms M ( b 1 ) 
265 m 266 ms I I ( a 1 ) 
250 s 244 w t l (e) 
221 w 208 w, br 
167 m 143 m 6 TeCl (b 2 ) 
115 11 (e) 
TABLE 4 . 2 Reported V i b r a t i o n a l Spectra of the Pentabromo-
t e l l u r a t e Anion 
I n f r a r e d Raman De s c r i p t i o n of' Mode 
297 w 300 vw 
250 s 240-245 br, w v TeBr (e) 
220 m 220 s • i ( a 1 ) 
207 mw 
188 s 195 s v TeBr (a x ) 
161 s 11 ( b x ) 
147 m 6 TeBr (e) 
134 m 11 ( a ^ 
These species have also been subjected t o a Mossbauer 
69 
study and the lower isomer s h i f t s , when compared t o the 
hexahalogeno- species, were explained i n terms of some stereo-
chemical a c t i v i t y of the lone p a i r i n a d i s t o r t e d octahedral 
s t r u c t u r e . The absence of quadrupole s p l i t t i n g was a t t r i b u t e d 
t o the high c o o r d i n a t i o n number and the presence of halogen 
bridges about the t e l l u r i u m . 
67 
The pentachloro- species has been detected i n 
KC1 - A1C1-. - TeCl. 1 4 6 ' 1 4 7 a n d P C i _ TeCl. 1 4 8 melts. 3 4 5 4 
The pentabromo-anion has been prepared as the t h i o t r i t h i a z y l 
149 
s a l t , and subsequently shown t o d i s s o l v e i n d i s u l p h u r i c 
and c h l o r o s u l p h u r i c acids t o form the t r i b r o m o t e l l u r i u m (IV) 
150 
c a t i o n . 
The only mixed species t o have been prepared i n t h i s 
s eries are the c h l o r o b r o m o t e l l u r a t e s . The t r i b r o m o d i c h l o r o -
anion has been prepared from t e l l u r i u m d i c h l o r i d e d i b r o m i d e and 
tetraethylammonium bromide i n dichloromethane-benzene s o l u t i o n , 
99 
However, the v i b r a t i o n a l spectra could not d i f f e r e n t i a t e 
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Late r , " f o r c e constant c a l c u l a t i o n s were used t o assign the 
s p e c t r a t o " s t r u c t u r e " C ~ w i t h r the" t r i c h l o r o d i b r o m o - species 
adopting the corresponding s t r u c t u r e . 
The tetrachloromonobromo- compound may adopt one of the 
two p o s s i b l e s t r u c t u r e s , i n d i c a t e d i n Figure 4.2: 
CI Br 
CI .CI CI CI 
Te 
C l ^ ^ ^ B r 
(A) 
Te 




Force constant c a l c u l a t i o n s showed the spectra t o be i n 
accordance w i t h s t r u c t u r e A and the spectra of the t e t r a -
bromomonochloro- anion i n d i c a t e d the formation of the corres-
ponding s t r u c t u r e . 
The f o l l o w i n g r e a c t i o n schemes were p o s t u l a t e d : 
X X 
X 
i Te Te 
x x 
i i ) Te Te 
A) 
X X7 
X X (B) 
Figure 4.3 
For scheme ( i ) i t was argued t h a t the e n t e r i n g h a l i d e ion 
would p r e f e r t o coordinate t o the molecular t e t r a h a l i d e i n a 
p o s i t i o n t h a t was i n the e q u a t o r i a l plane of the t r i g o n a l b i -
pyramid and between the halogen and the non-bonding e l e c t r o n 
p a i r , r a t h e r than between the two halogen atoms already i n 
the plane. S i m i l a r l y , i n scheme ( i i ) i t was i n d i c a t e d t h a t , 
f o r the two conformers of the mixed t e t r a h a l i d e found t o be 
69 
present i n s o l u t i o n , 1 5 1 the formation of anions A and B i s 
t o be expected. 
4.2 The P e n t a f l u o r o t e l l u r a t e s 
The p e n t a f l u o r o - species has been s t u d i e d t o a much 
greater extent than any other p e n t a h a l o g e n o t e l l u r a t e ion and 
can be simply prepared by d i s s o l v i n g t e l l u r i u m d i o x i d e and 
24 
the a p p r o p r i a t e f l u o r i d e i n h y d r o f l u o r i c a c i d . The p y r i d i n i u m 
compound can be made i n the same solvent from t e l l u r i u m t e t r a -
125 
f l u o r i d e and p y r i d i n e , and the n i t r y l compound, (NO^iTeF^ 
has been prepared by the a c t i o n of n i t r y l f l u o r i d e on t e l l u r i u m 
152 128 d i o x i d e . Later work questioned the p u r i t y of the e a r l y 
preparations and obtained the potassium, rubidium and caesium 
s a l t s from using the r e a c t i o n s : 
Te0 o + MF + 2SeF„ > MTeFc + 2SeOF„ 
I 4 b 2. 
134 
However, Greenwood et at v i n d i c a t e d the o r i g i n a l preparations 
and r e p o r t e d v i b r a t i o n a l spectra of several s a l t s . Observations 
of the number of i n f r a r e d and Raman a c t i v e bands, together w i t h 
the number of coincidences l e d t o the conclusion t h a t a square-
based pyramid was the most l i k e l y s t r u c t u r e , both i n the s o l i d 
s t a t e and i n s o l u t i o n . The s o l i d s t a t e r e s u l t s f o r the potassium 
- s a l t , w i t h assignments, are shown i-n -Table—4-. 3 . Later work, 
153 
i n c l u d i n g a s i n g l e c r y s t a l Raman study and s o l u t i o n measure-
131 
ments, agreed w e l l w i t h these r e s u l t s , although the l o c a t i o n . . .. 4. 131,133,154 of remained i n d i s p u t e . 
The c r y s t a l s t r u c t u r e was f i r s t determined by Edwards and 
155 
Mouty f o r the potassium s a l t and they found i s o l a t e d , square-
pyramidal anions, w i t h the t e l l u r i u m atom l y i n g s l i g h t l y below 
the basal plane, the lone p a i r completing an approximately octa-
hedral geometry. Later r e s u l t s 1 5 6 , 1 5 7 showed some d i s t o r t i o n 
w i t h i n the basal plane due t o the e f f e c t of the lone pair on an adjacent 
70 
TABLE 4.3 Reported V i b r a t i o n a l Spectra of the Pentafluoro-
t e l l u r a t e Anion 
I n f r a r e d Raman Assignment 
616 ms 616 vs V l 
521 m 511 s V2 
293 m 294 mw V3 
i n a c t . 570 mw V4 
11 unobs. V5 
2 47 mw V6 
472 vs 484 s V7 






132 vw v9 
t e l l u r i u m atom, and l a t e r v i b r a t i o n a l work was i n t e r p r e t e d 
133 
i n terms of Cs symmetry. 
66 
The Mossbauer spectrum of the p e n t a f l u o r o - species 
showed appreciable quadrupole s p l i t t i n g , as expected f o r 
square-pyramidal geometry, and also a less p o s i t i v e isomer 
s h i f t than found f o r hexahalogeno- compounds, consis t e n t w i t h 
the more d i f f u s e nature of the lone p a i r . This work was l a t e r 
s u b s t a n t i a t e d . 
132 133 
Fluorine-19 n.m.r. spectroscopy ' has also been 
used t o study t h i s anion, but coupling was only observed i n 
the more recent work f o r the tetrabutylammonium s a l t i n d i -
chloromethane s o l u t i o n a t 223K. The r e s u l t i s shown i n 
Table 4.4, the chemical s h i f t s being measured downfield from 
hexafluorobenzene . 
71 
TABLE 4.4 Reported Fluorine-19 n.m.r. Spectra of the Penta-
f l u o r o t e l l u r a t e Anion 
Signal Chemical S h i f t (ppm) Coupling Constants(Hz) 
a 21.708 J ( 1 9 F 
ax. 
- 1 9 F ) eq y 50.9 
b 31.717 
c 14.392 J ( 1 9 F 
ax. 
- 1 2 5 T e ) 1375. 7 
c 1 29.018 
d 15.651 J ( 1 9 F 
eq. 
- 1 2 3 T e ) 1143. 8 
d 1 27.786 
e 16.389 J ( 1 9 F 
ax. 
- 1 2 5 T e ) 2883. 3 
e 1 47.036 
Signals a and b are the expected doublet and q u i n t e t f o r a 
square-pyramidal anion, the d i s t o r t i o n discussed e a r l i e r being 
removed i n s o l u t i o n . The s i g n a l s c, c 1 and e, e 1 are the 
125 19 19 r e s u l t of Te coupling w i t h F and F r e s p e c t i v e l y ; 
ax. ^q• 
being a doublet of doublets and a doublet of q u i n t e t s . Peaks 
19 123 d, d 1 , a doublet of doublets, are due t o F - Te coupling. eq. 
19 12 3 The coupling of F t o Te was not observed. The high ax. 
125 19 values of the Te- F coupling constants, when compared .. a^x.. 
125 19 
t o those f o r Te- F coupling were thought t o be due t o 
the high s character i n the a x i a l bond and the lone p a i r o r b i t a l , 
when compared t o the s character of the bonds i n the e q u a t o r i a l 
plane. 
RESULTS AND DISCUSSION 
4.3 The Chlorobromotellurates 
4.3.1 Raman Spectra 
The Raman spectra were recorded f o r the t e t r a b u t y l -
ammonium s a l t s i n the s o l i d s t a t e and, when possible,, i n 
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a c e t o n i t r i l e s o l u t i o n , and a r e r e p o r t e d i n T a b l e 4.5. 
TABLE 4.5 Raman S p e c t r a o f t h e P e n t a c h l o r o b r o m o t e l l u r a t e s 
SPECIES FREQUENCIES (cm 1 ) 
T e C l 5 " ( s ) 
( s o l n . ) 
134m 
133w 
160w,sh 262s 284vs 354s,p 
160vw,sh 260s 2 8 2 v s , p 358s,p 
T e C l 4 B r ~ ( s ) 
( s o l n . ) 
37s 138m 169m 191m 260s 280s 367m 
161w 187w 259sh 280s,p 360m,p 
T e C l 3 B r 2 " ( s ) 87w 167s 191m 224m 255sh 272m 363w 
T e B r 3 C l 2 " ( s ) 2 8m 48m 86w 149m 154s 207vs 220s 
2 5 5w 300m 
T e B r 4 C l ~ ( s ) 29w 49vw 87m 142m 163w 198m 219vs 
296m 
T e B r 5 _ ( s ) 29vw 49w 82m 140m 163w 197s 219vs 
The f r e q u e n c i e s o b t a i n e d f o r t h e p e n t a c h l o r o - s p e c i e s i n 
t h e s o l i d s t a t e a r e o n l y i n f a i r a g r e e m e n t w i t h t h o s e t h a t h a v e 
7 8 100 
be e n r e p o r t e d p r e v i o u s l y f o r t h e t e t r a e t h y l a m m o n i u m s a l t . 
78 — 1 The e a r l i e r w o r k r e p o r t e d a ba n d a t 358 cm i n a c e t o n i t r i l e 
s o l u t i o n and s u g g e s t e d t h a t t h e d i f f e r e n c e b e r w e e n t h i s f r e q u e n c y 
and t h e h i g h e s t f r e q u e n c y s o l i d s t a t e b a n d a t 336 cm may be 
due t o t h e e x i s t e n c e o f a p o l y m e r i c n e t w o r k i n t h e s o l i d . I t 
i s i n t e r e s t i n g t h a t t h e band a t 358 cm ^ i s i n good a g r e e m e n t 
w i t h t h e h i g h e s t f r e q u e n c y b a n d o b s e r v e d i n t h e p r e s e n t s t u d y 
and t h i s f a c t , when c o n s i d e r e d w i t h t h e g o o d a g r e e m e n t b e t w e e n 
s o l i d s t a t e and s o l u t i o n d a t a o b s e r v e d f o r t h e t e t r a b u t y l a m m o n i u m 
s a l t , s u g g e s t s t h a t t h e p e n t a c h l o r o - a n i o n may p o s s e s s a d i f f e r e n t 
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s t r u c t u r e i n t h e s o l i d t e t r a b u t y l a m m o n i u m s a l t f r o m t h a t i n 
t h e s o l i d t e t r a e t h y l a m m o n i u m s a l t , and may w e l l be p o l y m e r i c 
159 
i n t h e l a t t e r , as r e i t e r a t e d r e c e n t l y by L a H a i e and M i l n e . 
The b e t t e r a g r e e m e n t b e t w e e n t h e p r e s e n t w o r k and t h e 
e a r l i e r r e p o r t s ^ ' "*"00 f o r t h e c o r r e s p o n d i n g p e n t a b r o m o t e l l u r a t e 
s a l t s s u g g e s t s t h a t t h i s a n i o n p o s s e s s e s a s i m i l a r s t r u c t u r e 
w i t h b o t h c a t i o n s . U n f o r t u n a t e l y , s o l u t i o n s p e c t r a c o u l d n o t 
be o b t a i n e d f o r t h i s s p e c i e s , as i n d e e d f o r any a n i o n c o n t a i n i n g 
t w o o r more b r o m i n e a t oms. T h i s was p r e s u m a b l y due t o t h e i r 
d a r k c o l o u r . 
I n o r d e r t o e x p l a i n t h e d i f f e r e n c e i n t h e s p e c t r a o f t h e 
t e t r a e t h y l a m m o n i u m and t e t r a b u t y l a m m o n i u m s a l t s when c o m p a r i n g 
t h e p e n t a c h l o r o - and p e n t a b r o m o - s p e c i e s , i t i s s u g g e s t e d h e r e 
t h a t t h e s m a l l e r p e n t a c h l o r o - a n i o n i s b r i d g e d i n t h e t e t r a e t h y l 
ammonium s a l t , b u t t h a t i n t h e p r e s e n c e o f t h e l a r g e r t e t r a b u t y l 
ammonium c a t i o n ( o r i n s o l u t i o n ) i t e x i s t s as a d i s c r e t e s p e c i e s 
The p e n t a b r o m o - a n i o n , b e i n g somewhat l a r g e r may even 
a d o p t a b r i d g e d s t r u c t u r e i n t h e t e t r a b u t y l a m m o n i u m s a l t and 
o n l y e x i s t as a d i s c r e t e e n t i t y i n s o l u t i o n . 
The a s s i g n m e n t s p r e f e r r e d i n t h i s w o r k d i f f e r f r o m t h o s e 
g i v e n p r e v i o u s l y " * " 0 0 and e s s e n t i a l l y f o l l o w t h o s e p r e s e n t e d f o r 
159 
t h e p e n t a c h l o r o s e l e n a t e a n i o n . Thus, f o r t h e p e n t a c h l o r o -
s p e c i e s , t h e t w o h i g h e s t f r e q u e n c y bands a t 284 and 354 cm ^, 
w h i c h a r e p o l a r i s e d , a r e a s s i g n e d t o t h e i n - p h a s e t e l l u r i u m -
e q u a t o r i a l c h l o r i n e s t r e t c h i n g v i b r a t i o n , M^, and t h e t e l l u r i u m -
a x i a l c h l o r i n e s t r e t c h i n g v i b r a t i o n , \>^, r e s p e c t i v e l y . The 
r e m a i n i n g a^ mode, v^, t h e u m b r e l l a d e f o r m a t i o n , i s a s s i g n e d t o 
t h e weak f e a t u r e a t 133 c m - 1 ( t o o weak f o r p o l a r i s a t i o n s t u d y ) . 
The r e m a i n i n g b ands a t 160 a n d 262 cm 1 a r e a s s i g n e d t o t h e 
s y m m e t r i c d e f o r m a t i o n and t h e o u t - o u t - p h a s e s y m m e t r i c s t r e t c h i n g 
74 . 
v i b r a t i o n s o f t h e s q u a r e - p l a n a r t e l l u r i u m - e q u a t o r i a l c h l o r i n e 
m o i e t y ; v & ( b 2 ) a n d v 4 ( b - ^ , r e s p e c t i v e l y . ( I n t h i s w o r k , v & 
i s p l a c e d a t h i g h e r f r e q u e n c y t h a n v^, c o n t r a r y t o p r e v i o u s 
159 
a s s i g n m e n t . However, s i n c e i s o n l y a c t i v e i n t h e Raman 
and t h e l o w e s t f r e q u e n c y band o b s e r v e d h e r e i s a c t i v e i n b o t h 
t h e Raman and t h e i n f r a r e d , i t i s f e l t t h a t t h e new a s s i g n m e n t 
i s j u s t i f i e d ) . 
The bands due t o t h e p e n t a b r o m o - s p e c i e s a r e a s s i g n e d 
s i m i l a r l y w i t h t h e f r e q u e n c i e s b e l o w 100 cm-''" b e i n g due t o d e -
f o r m a t i o n modes o r l a t t i c e v i b r a t i o n s . The e a r l i e r w o r k 1 0 0 i s 
i n b e t t e r a g r e e m e n t f o r t h e p e n t a b r o m o - s p e c i e s a l t h o u g h t h e 
f e a t u r e a t 250 cm ^ a s s i g n e d t o an e mode i s most p r o b a b l y due 
t o t e l l u r i u m t e t r a b r o m i d e i m p u r i t y . T h i s compound may be 
p r e s e n t due t o t h e e q u i l i b r i u m : 
2-2 T e B r c . % TeBr. + TeBr^ 5 ^ 4 6 
T h i s r e a c t i o n i s known t o o c c u r f o r t h e p e n t a c h l o r o - s p e c i e s 
i n a c e t o n i t r i l e a n d w i l l be f u r t h e r t o t h e r i g h t f o r t h e bromo-
compound due t o t h e g r e a t e r s t a b i l i t y o f t h e hexabromo- s p e c i e s 
and t h e g r e a t e r i n s o l u b i l i t y o f t e l l u r i u m t e t r a b r o m i d e . E a r l i e r 
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r e p o r t s o f Raman s p e c t r a o f t h e p e n t a b r o m o - a n i o n i n s o l u t i o n 
i n a c e t o n i t r i l e m ust t h e r e f o r e be v i e w e d w i t h some c a u t i o n . 
The t w o h i g h e s t f r e q u e n c y bands a r e a s s i g n e d t o a.^  modes, t h e 
band a t 197 cm b e i n g due t o t h e i n - p h a s e t e l l u r i u m - e q u a t o r i a l 
b r o m i n e s y m m e t r i c s t r e t c h i n g v i b r a t i o n , a nd t h a t a t 219 c m - 1 b e i n g 
due t o t h e t e l l u r i u m - a x i a l b r o m i n e s t r e t c h i n g v i b r a t i o n , w h i l e t h e 
f e a t u r e s a t 82, 140 and 163 cm a r e a s s i g n e d t o t h e v^, a n d 
modes, r e s p e c t i v e l y . The bands a t 134 cm -^, o b s e r v e d i n t h e 
p r e v i o u s w o r k , w a s n o t o b s e r v e d h e r e , b u t i n any c a s e i t s a s s i g n -
ment as an a^ mode i s d o u b t e d s i n c e t h e c o r r e s p o n d i n g mode o f t h e 
p e n t a c h l o r o - s p e c i e s o c c u r s a t t h i s f r e q u e n c y , c o n s e q u e n t l y t h a t 
o f t h e p e n t a b r o m o - compound w o u l d be e x p e c t e d a t a somewhat l o w e r 
f r e q u e n c y . 
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The r e s u l t s p r e s e n t e d h e r e f o r s p e c i e s o f g e n e r a l f o r m u l a 
TeX^Y - a r e a g a i n o n l y i n m o d e r a t e a g r e e m e n t w i t h e a r l i e r w o r k 1 0 0 
i n v o l v i n g t h e t e t r a e t h y l a m m o n i u m s a l t s , and t h e e x p l a n a t i o n g i v e n 
p r e v i o u s l y f o r t h e p e n t a c h l o r o - and p e n t a b r o m o - s p e c i e s i s 
a g a i n i n v o k e d , b e i n g t h e a b s e n c e o f b r i d g i n g i n t h e t e t r a b u t y l -
ammonium c h l o r o - s a l t s . 
The p r e s e n c e o f a band a t 567 cm , r e p r e s e n t i n g a 
t e l l u r i u m - a x i a l c h l o r i n e s t r e t c h i n g f r e q u e n c y and t h e a b s e n c e 
o f any f e a t u r e n e a r 219 cm f o r t h e c o r r e s p o n d i n g mode i n v o l v i n g 
b r o m i n e , i n t h e s p e c t r u m o f t h e T e C l ^ B r s p e c i e s , i n d i c a t e s t h a t 
t h e b r o m i n e a t o m o c c u p i e s an e q u a t o r i a l p o s i t i o n and t h a t t h e 
sym m e t r y o f t h e a n i o n i s C g and n o t c ^ v - I t i s d i f f i c u l t t o 
a s s i g n bands t o i n d i v i d u a l modes b u t i t i s p r o b a b l e t h a t t h e 
bands a t 260 and 280 cm i n v o l v e p r e d o m i n a n t l y t e l l u r i u m - c h l o r i n e 
v i b r a t i o n w h e r e a s t h e f e a t u r e a t 190 c m - 1 w i l l a r i s e f r o m 
t e l l u r i u m - b r o m i n e m o t i o n . The l o w e r f r e q u e n c y bands a r e p r o -
b a b l y d e f o r m a t i o n modes. S i n c e t h e t w o h i g h e s t f r e q u e n c y bands 
a r e p o l a r i s e d , t h e y c an be d e n o t e d as A modes, whereas t h e ban d 
- 1 11 a t 260 cm can be d e n o t e d as an A mode. The l o w f r e q u e n c y 
bands w e r e t o o weak f o r p o l a r i s a t i o n s t u d i e s t o be c a r r i e d o u t . 
A s i m i l a r a r g u m e n t t o t h e above c a n be u s e d t o a s s i g n t h e 
T e B r ^ C l s p e c i e s t o C g s y m m e t r y . T h e r e i s no f e a t u r e n e a r 
350 cm-''" t o i n d i c a t e t h e p r e s e n c e o f an a x i a l c h l o r i n e a t o m and 
t h e v e r y s t r o n g b a n d a t 219 cm -^ i s c h a r a c t e r i s t i c o f t e l l u r i u m -
a x i a l b r o m i n e s t r e t c h i n g f r e q u e n c y . The h i g h e s t f r e q u e n c y b a n d 
can be a s s i g n e d t o a t e l l u r i u m - c h l o r i n e s t r e t c h i n g mode w h e r e a s 
t h e r e s t p r o b a b l y i n v o l v e p r e d o m i n a n t l y t e l l u r i u m - b r o m i n e m o t i o n . 
F o r t h e T e B r ^ C l , , - a n i o n t h e r e i s f a i r a g r e e m e n t b e t w e e n t h e 
r e s u l t s o b t a i n e d i n t h i s w o r k and t h o s e r e p o r t e d p r e v i o u s l y . ^ 0 0 
76 
T h i s s p e c i e s was a s s i g n e d t o C^v symmetry, w i t h a b r o m i n e a t o m 
o c c u p y i n g t h e a x i a l p o s i t i o n a n d t h e r e m a i n i n g t w o b r o m i n e atoms 
o c c u p y i n g t r a n s p o s i t i o n s i n t h e e q u a t o r i a l p l a n e . The a s s i g n -
ment was made p u r e l y on t h e b a s i s o f t h e a g r e e m e n t b e t w e e n 
c a l c u l a t e d and o b s e r v e d f r e q u e n c i e s . I n t h i s w o r k , t h e p r e s e n c e 
o f a b a n d a t 220 cm "*", c o u p l e d w i t h t h e ab s e n c e o f a f e a t u r e 
n e a r 350 era \ i s i n v o k e d t o r u l e o u t t h e c o n f i g u r a t i o n o f 
sym m e t r y i n w h i c h a c h l o r i n e a t o m o c c u p i e s t h e a x i a l p o s i t i o n . 
However, i n t h e a b s e n c e o f any p o l a r i s a t i o n r e s u l t s i t i s n o t 
p o s s i b l e t o e s t a b l i s h w h i c h o f t h e r e m a i n i n g i s o m e r s i s p r e s e n t 
( F i g u r e 4 . 1 ) . 
The s p e c t r u m p r e s e n t e d h e r e f o r t h e TeCl^Br,^ - s p e c i e s 
d i f f e r s s u b s t a n t i a l l y f r o m t h a t r e p o r t e d e a r l i e r . " ' " 0 0 The 
b a n d a t 363 cm ^ l e n d s s u p p o r t t o t h e p r e s e n c e o f an a x i a l 
c h l o r i n e a t o m b u t t h e r e i s a l s o a ba n d a t 220 cm ^ c h a r a c t e r -
i s t i c o f a t e l l u r i u m - a x i a l b r o m i n e s t r e t c h i n g v i b r a t i o n . 
However, s i n c e t h e r e i s no c o r r e s p o n d i n g f e a t u r e i n t h e i n f r a r e d 
s p e c t r u m ( T a b l e 4.6) a s s i g n m e n t t o one o f t h e i s o m e r s c o n t a i n i n g 
an a x i a l c h l o r i n e a t o m seems t o be j u s t i f i e d . 
4.3.2 F a r - I n f r a r e d S p e c t r a 
The f a r - i n f r a r e d spectra are r e p o r t e d f o r t h e t e t r a b u t y l -
ammonium s a l t s i n t h e s o l i d s t a t e and a r e l i s t e d i n T a b l e 4.6. 
T h e r e i s f a i r a g r e e m e n t b e t w e e n t h e s p e c t r u m f o r 
t h e p e n t a c h l o r o - s p e c i e s and t h o s e r e p o r t e d p r e v i o u s l y f o r t h e 
t e t r a e t h y l ammonium s a l t . ' ' "'"00 However, a band a t 2 70 cm ^ , 
a s s i g n e d i n e a r l i e r w o r k t o a b-j^ mode, v^, a c t i v e i n t h e i n f r a r e d 
77 100 due t o c r y s t a l e f f e c t s , o r t o an a^ mode, v^i was n o t 
o b s e r v e d i n t h i s w o r k . I n d e e d , f o r a s p e c i e s o f C 4 v s y m m e t r y , 
o n l y t h o s e bands o f a o r e s y m m e t r y a r e a l l o w e d i n t h e i n f r a r e d 
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TABLE 4.6 F a r - I n f r a r e d S p e c t r a f o r t h e P e n t a c h l o r o b r o m o -
t e l l u r a t e s 
SPECIES FREQUENCIES (cm" - 1 ) 
T e C l ~ 
b 
133m 171m 245vs 289w 367m 
T e C l , B r ~ 4 133w 171sh 186s 199m 248vs 365s 
T e C l 3 B r 2 ~ 185m 196sh 247vs 253sh 362m 
T e B r 3 C l 2 ~ 122m 189vs 201sh 218w 248m 293m 
T e B r ^ C l - 118m 163w 189vs 215m 293m 
TeBr^" 80sh 116m 139vw 160w 189vs 211m 
s p e c t r u m , w h i l s t a l l bands a, b and e a r e a l l o w e d i n t h e Raman. 
Thus, t h e bands o b s e r v e d a t 133, 289 and 367 cm 1 a r e a s s i g n e d 
t o t h e a^ modes, v^, and v^, r e s p e c t i v e l y , t h e d e g r e e o f 
c o i n c i d e n c e b e i n g a c c e p t a b l e when t h e w i d t h s o f t h e i n f r a r e d 
b ands a r e c o n s i d e r e d (^10 cm ^) . The bands a t 171 and 245 cm 1 
a r e a s s i g n e d t o t h e Vg (e) and (e) modes r e s p e c t i v e l y , w h i c h , 
159 
a l t h o u g h a l l o w e d i n t h e Raman s p e c t r u m , a r e s o m e t i m e s weak. 
( S e c t i o n 4.5.1) . - - - - -
A g a i n , an a n a l o g o u s a n a l y s i s i s p r e s e n t e d f o r t h e p e n t a b r o m o -
s p e c i e s w i t h t h e bands a t 80, 189 a n d 2 1 1 cm 1 a s s i g n e d t o a^ 
modes a n d t h o s e a t 116, 139 and 160 cm 1 a s s i g n e d t o Vg ( e ) , 
(e) a n d ( b ^ ) modes r e s p e c t i v e l y . The a p p e a r a n c e o f t h e 
l a s t mode i n t h e i n f r a r e d may be due t o a l i f t i n g o f s i t e 
s y m m e t r y , p e r h a p s due t o b r i d g i n g . The a g r e e m e n t w i t h e a r l i e r 
w o r k 7 8 , 1 0 0 i s f a i r , a l t h o u g h t h e b a n d o b s e r v e d p r e v i o u s l y 1 0 0 a t 
250 c m - 1 i s p r o b a b l y due t o t e l l u r i u m t e t r a b r o m i d e . 
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The f r e q u e n c i e s o b s e r v e d f o r t h e s p e c i e s o f g e n e r a l f o r m u l a 
TeX^Y - a r e i n f a i r a g r e e m e n t w i t h t h o s e o b s e r v e d p r e v i o u s l y . ' ' " 0 0 
F o r a s p e c i e s o f C g s y m m e t r y a l l v i b r a t i o n a l , modes s h o u l d be 
a c t i v e i n b o t h t h e i n f r a r e d and Raman s p e c t r a and t h e a g r e e -
ment o b s e r v e d h e r e s u p p o r t s a s s i g n m e n t t o t h i s s y m m e t r y . A l s o , 
t h e p r e s e n c e o f bands a t 215 and 365 cm ^ r e p r e s e n t i n g t e l l u r i u m -
a x i a l b r o m i n e and t e l l u r i u m - a x i a l c h l o r i n e modes, i n t h e 
s p e c t r a o f t h e T e B r ^ C l - and T e C l ^ B r - s p e c i e s , r e s p e c t i v e l y , 
c o n f i r m s t h e a n a l y s i s . 
U n f o r t u n a t e l y , t h e i n f r a r e d d a t a f o r t h e s p e c i e s o f g e n e r a l 
f o r m u l a TeX^Y^ - do n o t e n a b l e t h e C^v i s o m e r t o be d i s t i n g u i s h e d 
f r o m t h e Cri i s o m e r , i n w h i c h an X atom o c c u p i e s t h e a x i a l 
p o s i t i o n , s i n c e a l l v i b r a t i o n s a r e a l l o w e d i n b o t h t h e i n f r a r e d 
a nd t h e Raman s p e c t r u m f o r t h e s e s y m m e t r i e s . 
4.3.3 T e l l u r i u m - 1 2 5 N.M.R, S p e c t r a 
These w e r e r e c o r d e d f r o m t h e t e t r a b u t y l a m m o n i u m 
s a l t s i n d i c h l o r o m e t h a n e s o l u t i o n a nd a r e l i s t e d i n T a b l e 4.7. 
T e l l u r i u m - 1 2 5 n.m . r . S p e c t r a o f t h e P e n t a c h l o r o 
b r o m o t e l l u r a t e s 
SPECIES CHEMICAL SHIFT (ppm) 
T e C l 5 " 1510 
T e C l 4 B r ~ 1515 
T e C l 3 B r 2 - 1610 
T e B r 3 C l 2 " 1616 
T e B r 4 C l " 1657 
TeBr ~ b 1645 
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The p a i r w i s e i n t e r a c t i o n t h e o r y ( S e c t i o n 2.3.3) w o u l d 
n o t be e x p e c t e d t o be a p p l i c a b l e t o t h e s e s p e c i e s s i n c e t h e 
bond a n g l e s and b o n d l e n g t h s a r e n o t a l l e q u a l , as assumed 
b y t h e t h e o r y . 
4.4 The C h l o r o i o d o - , B r o m o i o d o - and P e n t a i o d o t e l l u r a t e s 
None o f t h e a n i o n s o f g e n e r a l f o r m u l a T e l ^ X ( w h e r e 
X = C I , B r o r I ) c o u l d be p r e p a r e d ; t h i s m ost p r o b a b l y i s due 
t o t h e v e r y l o w s o l u b i l i t y o f t e l l u r i u m t e t r a i o d i d e i n many 
7 8 
s o l v e n t s , as n o t e d b y Adams. Thus, a d d i t i o n o f an e q u i -
m o l a r q u a n t i t y o f t e t r a b u t y l - a m m o n i u m i o d i d e i n s o l u t i o n i n 
d i c h l o r o m e t h a n e t o t e l l u r i u m t e t r a i o d i d e , y i e l d e d t h e h e x a i o d o -
s p e c i e s as t h e o n l y s o l u b l e p r o d u c t ( S e c t i o n 4 . 6 ) . 
S o l i d t e l l u r i u m t e t r a i o d i d e was a l s o i s o l a t e d f r o m t h e 
r e a c t i o n m i x t u r e s i n v o l v i n g t h e o t h e r h a l i d e i o n s b u t t h e 
c r y s t a l s r e c o v e r e d f r o m t h e s u p e r n a t a n t l i q u o r s p r o v e d more 
d i f f i c u l t t o c h a r a c t e r i s e . However, t h e v i b r a t i o n a l s p e c t r a 
o f t h e c h l o r o - and bromo- s y s t e m s , r e p o r t e d i n T a b l e 4.8, d i d 
s u g g e s t t h e p r e s e n c e o f t h e h e x a c o o r d i n a t e s p e c i e s ( T a b l e s 2.13, 
2.14, 2.16 and 2 . 1 7 ) . 
T a b l e 4.8 V i b r a t i o n a l S p e c t r a o f t h e T e l . X - Systems ( X = C l , B r ) 
S y s tem S p e c t r u m F r e q u e n c i e s - 1 cm 
T e I 4 C l ~ IR 94w 146s 174m 220s 273w 
R 32w 108s 114s 149w 169w 2 2 2w 
T e I 4 B r ~ I R 90w 160vs 19 8w 
R 32w 60w 110s 155w 175w 222w 
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The t e l l u r i u m - 1 2 5 n.m.r. s p e c t r a o f t h e above c h l o r o - and 
bromo- s y s t e m s e x h i b i t e d s i n g l e r e s o n a n c e s a t 1449 and 1423 ppm. 
r e s p e c t i v e l y . A l t h o u g h t h e v i b r a t i o n a l r e s u l t s s u g g e s t t h e 
p r e s e n c e o f h e x a c o o r d i n a t e s p e c i e s , t h e s e c h e m i c a l s h i f t s do 
n o t c o r r e s p o n d t o any o f t h o s e r e p o r t e d f o r s u c h s p e c i e s i n 
C h a p t e r Two, a l t h o u g h t h e s i g n a l a t 1449 ppm. d i d o c c u r i n t h e 
2- 2-T e C l ^ I and T e C l ^ I ^ s y s t e m s ( f o u n d t o be m i x t u r e s ) . The 
c o m p o s i t i o n o f t h e T e l ^ X s o l u t i o n s t h e r e f o r e r e m a i n s unknown. 
S p e c i e s o f g e n e r a l f o r m u l a TeX^Y^" c o u l d n o t be p r e p a r e d 
97 
s i n c e t e l l u r i u m d i c h l o r i d e d i i o d i d e i s unknown, and a l t h o u g h 
t h e p r e p a r a t i o n o f t e l l u r i u m d i b r o m i d e d i i o d i d e has been r e -
98 
p o r t e d , i t c o u l d n o t be r e p e a t e d h e r e ( S e c t i o n 6 . 7 . 5 ) . 
A d d i t i o n o f an e q u i m o l a r q u a n t i t y o f t e t r a b u t y l a m m o n i u m 
i o d i d e i n d i c h l o r o m e t h a n e s o l u t i o n t o t e l l u r i u m t e t r a c h l o r i d e 
a l s o l e d t o t h e r e c o v e r y o f t e l l u r i u m t e t r a i o d i d e . V i b r a t i o n a l 
s p e c t r a o f t h e s o l i d o b t a i n e d f r o m t h e s u p e r n a t a n t l i q u o r i n d i c -
a t e d a c o m p l i c a t e d m i x t u r e t o be p r e s e n t . The i n f r a r e d s p e c t r u m 
e x h i b i t e d bands a t 121w, 173m, 218vs an d 270sh c m - 1 , w i t h t h o s e 
above 200 cm-"1" a s s i g n a b l e t o t e l l u r i u m - c h l o r i n e modes and t h e 
r e m a i n d e r t o t e l l u r i u m - i o d i n e modes ( S e c t i o n 2 . 3 . 1 ) . The Raman 
s p e c t r u m d i s p l a y e d bands a t 32w, 48w, 62w, 1 1 8 s , 151m, 172m and 
225w c m - 1 , c h a r a c t e r i s t i c o f s i x - c o o r d i n a t e i o d o - s p e c i e s ( S e c t i o n 
2 . 4 . 2 ( a ) ) . Two t e l l u r i u m - 1 2 5 n.m.r. s i g n a l s , a t 1446 and 1500 ppm. 
w e r e o b s e r v e d , t h e l a t t e r o f w h i c h most p r o b a b l y r e p r e s e n t s a 
f i v e - c o o r d i n a t e m o i e t y . The l a t t e r s i g n a l was a p p r o x i m a t e l y 
10 t i m e s more i n t e n s e t h a n t h e f o r m e r . U n f o r t u n a t e l y , no 
d e f i n i t e c o n c l u s i o n s can be d r a w n on t h e b a s i s o f t h i s i n f o r m a t i o n . 
A d d i t i o n o f i o d i d e i o n t o an e q u i m o l a r q u a n t i t y o f t e l l u r i u m 
t e t r a b r o m i d e y i e l d e d t h e T e B r 4 I ~ a n i o n . The v i b r a t i o n a l s p e c t r a 
a r e r e p o r t e d i n T a b l e 4.9. 
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TABLE 4.9 V i b r a t i o n a l S p e c t r a o f t h e T e B r . I A n i o n 










The p r e s e n c e o f a ban d above 210cm , c h a r a c t e r i s t i c o f 
a t e l l u r i u m - a x i a l b r o m i n e s t r e t c h i n g v i b r a t i o n , i n d i c a t e s t h a t 
t h e a n i o n p o s s e s s e s C g s y m m e t r y . T h i s a s s i g n m e n t i s f u r t h e r 
j u s t i f i e d by t h e number o f c o i n c i d e n c e s i n t h e i n f r a r e d a nd 
Raman s p e c t r a . The s t r o n g b a n d a t 116cm-"'' i s r e p r e s e n t a t i v e 
o f a t e l l u r i u m - i o d i n e s t r e t c h i n g v i b r a t i o n , w hereas t h e r e -
m a i n i n g h i g h e r - f r e q u e n c y bands p r o b a b l y - i n v o l v e t e l l u r i u m - b r o m i n e 
m o t i o n . 
The t e l l u r i u m - 1 2 5 n.m.r. s p e c t r u m showed a s i n g l e r e s o n a n c e 
a t 16 58 ppm. 
4 . 5 The F l u o r o t e l l u r a t e s 
S i n c e t e l l u r i u m d i f l u o r i d e i s unknown and t h e a c t i o n o f 
97 98 f l u o r i n e on t e l l u r i u m d i c h l o r i d e a nd t e l l u r i u m d i b r o m i d e 
p r o d u c e s o n l y t e l l u r i u m t e t r a f l u o r i d e , none o f t h e s p e c i e s o f 
g e n e r a l f o r m u l a TeX^Y - w e r e p r e p a r e d . 
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4.5.1 V i b r a t i o n a l S p e c t r a 
The p e n t a f l u o r o t e l l u r a t e i o n has been r e p o r t e d 
p r e v i o u s l y ( S e c t i o n 4.2) and t h e v i b r a t i o n a l r e s u l t s p r e s e n t e d 
i n T a b l e 4.10 a g r e e w e l l w i t h t h e e a r l i e r w o r k . 
TABLE 4.10 S o l i d S t a t e V i b r a t i o n a l S p e c t r a and A s s i g n m e n t s 
o f Bu,NTeF r 
FREQUENCIES (cm 1 ) A s s i g n m e n t 
I n f r a r e d Raman 
28vw 
58vw 
2 39vw V 6 
275m 276w v 3 
332m 339w v 8 
474s 
495s 494m 
- - v ? 
518sh 524s v 2 
647s 649s v l 
The a s s i g n m e n t s f o l l o w t h o s e o f Adams a n d Downs 
and assume t h e s p e c i e s t o p o s s e s s C^ v symmetry. A l t h o u g h t h e 
c a e s i u m s a l t has been r e p o r t e d t o a d o p t C symmetry i n t h e s o l i d 
s 
157 
s t a t e , t h i s i s t h o u g h t t o be u n l i k e l y i n s a l t s o f t h e t e t r a -
a l k y l a m m o n i u m c a t i o n s and i n d e e d , t h e s p e c t r a o f t e t r a e t h y l -
ammonium p e n t a f l u o r o t e l l u r a t e showed no s i g n i f i c a n t change 
131 
b e t w e e n t h o s e r e c o r d e d i n t h e s o l i d s t a t e a nd i n s o l u t i o n . 
The s p l i t t i n g o b s e r v e d i n t h e mode i n t h i s w o r k c o u l d p o s s i b l y 
be due t o a l o w e r i n g o f s i t e s y m m e t r y . 
S i n c e t e l l u r i u m t e t r a f l u o r i d e was n o t o b s e r v e d t o 
d i s s o l v e i n d i c h l o r o m e t h a n e , i n t h e p r e s e n c e o f an e q u i m o l a r 
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q u a n t i t y o f t e t r a . - b u t y l a m m o n i u m c h l o r i d e ( S e c t i o n 4.6) t h i s 
r e a c t i o n was n o t i n v e s t i g a t e d f u r t h e r . However, s o l u t i o n s 
w e r e o b t a i n e d u s i n g b r o m i d e o r i o d i d e s o l u t i o n s a nd t h e v i b r a -
t i o n a l r e s u l t s f o r t h e s e s y s t e m s a r e r e p o r t e d i n T a b l e 4 . 11. 
TABLE 4.11 V i b r a t i o n a l S p e c t r a o f t h e TeF,X~ Systems ( X = B r , I ) 
S y s t e m S p e c t r u m F r e q u e n c i e s (cm h 
T e F ^ B r - I R 116m 161sh 187vs 212m 275s 332s 480s 495s 65Cm 
R 62w 83m 112w 151m 164m 195s 220s 
T e F 4 I ~ I R 146m 17Cm 275s 330s 48Cs 495s 650m 
R 65w 112vs 172w 223m 
The bands above 250cm i n t h e i n f r a r e d s p e c t r a i m m e d i a t e l y 
i d e n t i f y t h e p e n t a f l u o r o t e l l u r a t e i o n as a r e a c t i o n p r o d u c t 
( T a b l e 4 . 1 0 ) . F o r t h e bromo- s p e c i e s t h e r e m a i n i n g bands a t 
116, 1 6 1 , 187 a n d 212cm 1 a r e a s s i g n e d t o t h e p e n t a b r o m o - a n i o n 
( T a b l e 4.6 ) w h e r e a s t h e a b s o r p t i o n s a t 146 a n d 171 c m - 1 i n t h e 
s p e c t r u m o f t h e i o d o - s y s t e m c an be a s s i g n e d t o t h e h e x a i o d o -
c o m p l e x ( T a b l e 2 . 7 ) . The Raman d a t a c o n f i r m t h e s e a s s i g n m e n t s 
( S e c t i o n 2 . 3 . 1 ) , s u g g e s t i n g t h e f o l l o w i n g r e a c t i o n schemes: 
5 T e F 4 + 5 B r ~ > 4 T e F 5 ~ + T e B r 5 ~ 
5TeF, + 6 1 " > 4TeF ~ + T e l , 2 -
4 5 6 
T h i s l a t t e r e q u a t i o n i s i n a g r e e m e n t w i t h p r e v i o u s w o r k 
r e g a r d i n g t h e l a c k o f f o r m a t i o n o f t h e p e n t a i o d o t e l l u r a t e i o n 
( S e c t i o n 4 . 4 ) . 
F o r s p e c i e s o f g e n e r a l f o r m u l a TeX^F -, o n l y r e a c t i o n s 
i n v o l v i n g b r o m i d e o r i o d i d e i o n s y i e l d e d s o l i d s ( c . f . h e x a h a l o g e n o -
s y s t e m s ) and s i n c e t h e i o d o - s y s t e m g a ve no m e a n i n g f u l a n a l y s e s 
i t was n o t i n v e s t i g a t e d f u r t h e r . The v i b r a t i o n a l d a t a f o r t h e 
bromo- compound a r e g i v e n i n T a b l e 4.12. 
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TABLE 4.12 V i b r a t i o n a l S p e c t r a o f t h e TeBr^F A n i o n 
FREQUENCIES (cm X ) 








202sh 202 s 
217sh 226vs 
The a b s e n c e o f a b a n d n e a r 650 cm c h a r a c t e r i s t i c o f a 
t e l l u r i u m - a x i a l f l u o r i n e s t r e t c h i n g v i b r a t i o n , t o g e t h e r w i t h t h e 
p r e s e n c e o f a b a n d n e a r 220 cm i n d i c a t e s t h e s p e c i e s t o be o f 
C g s y m m e t r y . A l l o f t h e r e m a i n i n g bands c a n be a s s i g n e d t o 
t e l l u r i u m - b r o m i n e modes. 
4.5.2 T e l l u r i u m - 1 2 5 N.M.R. S p e c t r a 
The r e s u l t s a r e g i v e n i n T a b l e 4.13. 
The s p e c t r u m o f t h e p e n t a f l u o r o t e l l u r a t e a n i o n 
i s shown i n F i g u r e 4.4 and c o n s i s t s o f an o v e r l a p p i n g d o u b l e t 
o f q u i n t e t s r e s u l t i n g f r o m t h e s p i n - s p i n c o u p l i n g b e t w e e n t h e 
t e l l u r i u m n u c l e u s a n d t h e a x i a l a nd e q u a t o r i a l f l u o r i n e s , w h ere 
J , o c , Q - 2 J , , Q , t h e f o r m e r h a v i n g a v a l u e o f -L^--3™ — i y _ i z b _ — iy„ Te F Te F ax eq. 
2930 Hz a n d t h e l a t t e r 1465Hz, i n f a i r a g r e e m e n t w i t h r e s u l t s 
19 133 
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TABLE 4.13 T e l l u r i u m - 1 2 5 N.M.R. S p e c t r a o f t h e F l u o r o t e l l u r a t e s 
SYSTEM CHEMICAL SHIFT (ppm.) 
TeF ~ b 1141 
T e F ^ B r - 1210 
T e F 4 I ~ 1146 





( T e B r 4 F ~ ) 1588 (3) 
1534 (2) 
R e l a t i v e i n t e n s i t i e s a r e g i v e n i n p a r e n t h e s e s . 
The T e F 4 B r s y s t e m gave r i s e t o a b r o a d r e s o n a n c e p r e -
s u m a b l y due t o e x c h a n g e b e t w e e n T e F ^ - and TeBr,- - ( S e c t i o n 4 . 5 . 1 ) . 
However, t h e s p e c t r u m o f t h e c o r r e s p o n d i n g i o d o - system showed 
2-
o n l y TeF,- t o be p r e s e n t i n d i c a t i n g t h a t e x c h a n g e w i t h T e l ^ 
does n o t o c c u r . " . 
The s p e c t r u m o f t h e T e C l 4 F ~ s y s t e m i n d i c a t e s a c o m p l i c a t e d 
m i x t u r e t o be p r e s e n t . The s i g n a l s a t 1815 and 1796 ppm., t h e 
2-
l a t t e r o f w h i c h a l s o o c c u r r e d i n t h e s p e c t r u m o f t h e T e C ^ F ^ 
s y s t e m , a r e t e n t a t i v e l y a s s i g n e d t o unknown n e u t r a l f l u o r o c h l o r o -
s p e c i e s , w h e r e a s t h a t a t 1470 ppm., a l s o o b s e r v e d i n t h e s p e c t r u m 
2_ 
o f T e C l 4 F 2 i s a s s i g n e d t o a f i v e c o o r d i n a t e f l u o r o c h l o r o -
a n i o n . The s i g n a l s a t 1 5 0 1 and 1672 ppm., a r e a l s o a s s i g n e d 
t o p e n t a c o o r d i n a t e f l u o r o c h l o r o - a n i o n s . The s i g n a l s o b s e r v e d 
i n t h e s p e c t r u m o f t h e T e B r 4 F ~ a n i o n a r e b o t h a s s i g n e d t o f i v e 
c o o r d i n a t e f l u o r o b r o m o - s p e c i e s . 
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CONCLUSION 
The v i b r a t i o n a l s p e c t r a o f t h e c h l o r o b r o m o - s p e c i e s e n a b l e 
t h e i r s t r u c t u r e s t o be g i v e n w i t h some c o n f i d e n c e , w i t h o u t r e s o r t 
t o f o r c e c o n s t a n t c a l c u l a t i o n s 1 0 0 o f d o u b t f u l v a l i d i t y . 1 " ^ 
I n d e e d , any m o d e l w h i c h assumes i d e n t i c a l bond l e n g t h s , a n d 
bond a n g l e s i n c o r r e s p o n d i n g s q u a r e - p y r a m i d a l and o c t a h e d r a l 
s p e c i e s m u s t be c o n s i d e r e d d u b i o u s . 
The p e n t a c o o r d i n a t e s y s t e m s i n v o l v i n g t e l l u r i u m - i o d i n e 
bonds and t e l l u r i u m - f l u o r i n e bonds r e s e m b l e t h e c o r r e s p o n d i n g 
h e x a c o o r d i n a t e s y s t e m s i n t h a t c o m p l i c a t e d i o d i n e c o n t a i n i n g 
m i x t u r e s and t h e p e n t a f l u o r o - a n i o n a r e f o r m e d , a g a i n p r o b a b l y 
due t o t h e s t r e n g t h o f t h e t e l l u r i u m - i o d i n e b o n d a n d t h e g r e a t 
s t a b i l i t y o f t h e p e n t a f l u o r o t e l l u r a t e s p e c i e s . 
EXPERIMENTAL 
The s p e c i e s d i s c u s s e d i n t h i s c h a p t e r w e r e p r e p a r e d i n 
an a n a l o g o u s manner t o t h o s e d i s c u s s e d i n C h a p t e r Two. A n a l y t i c a l 
d a t e a r e r e p o r t e d b e l o w , i n T a b l e 4.14. 
P r e p a r a t i o n s i n v o l v i n g t e l l u r i u m t e t r a i o d i d e a l w a y s 
y i e l d e d s o l i d " t e l l u r i u m t e t r a i o d i d e r as w e l l as a v e r y d a r k 
c o l o u r e d s o l u t i o n . The s o l i d was f i l t e r e d o f f on a s i n t e r i n 
t h e d r y b o x a n d t h e s o l v e n t removed f r o m t h e s u p e r n a t a n t l i q u o r 
on t h e vacuum l i n e , l e a v i n g a b l a c k s o l i d , t h e a n a l y t i c a l 
r e s u l t s o f w h i c h a r e g i v e n i n T a b l e 4.15. The T e l , - - s y s t e m 
can be r e c o g n i s e d t o c o n s i s t o f t h e h e x a i o d o - c o m p l e x ( T a b l e 
2.2.2) b u t t h e r e m a i n i n g s y s t e m s m u s t c o n t a i n m i x t u r e s . 
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TABLE 4.14 A n a l y t i c a l R e s u l t s f o r t h e P e n t a c h l o r o b r o m o t e l l u r a t e s 
COMPOUND C H N Te CI Br 
Bu 4NTeCl 5 35.1 6.6 2.5 23.3 32.4 - C a l c . 
32.6 6.7 2.3 24.1 32. 3 - • Obs. 
Bu.NTeCl,Br 4 4 32. 5 6.1 2.4 21.6 13. 5 24.0 Calc. 
33.1 6.2 2.3 21.6 13. 2 24.1 Obs. 
B u 4 N T e C l 3 B r 2 30. 2 5.7 2.2 20.1 16.7 25.1 Calc. 
30. 4 7.0 2.2 20.3 16.7 24.8 Obs. 
Bu.NTeCl^Br-, 4 2 3 28.2 5.3 2.1 18.8 10.4 35.2 Calc. 
29.0 6.0 1.5 18.7 10.7 34.8 Obs. 
Bu 4NTeClBr 4 26.5 5.0 1.9 17.6 4.9 44.1 Calc. 
25.8 5.0 1.8 17.6 4.8 44.3 Obs. 
Bu 4NTeBr 5 24.9 4.7 1.8 16.6 - 51.9 Calc. 
25.3 5.6 1.9 15.9 - 51.1 Obs. 
TABLE 4.15 A n a l y t i c a l R e s u l t s f o r t h e Tel.X Systems (X=C1,Br,I) 
SYSTEM C H N Te I X 
T e I 4 C l ~ 32.8 4.9 1.6 10.0 46.0 4.9 
t e I 4 B r ~ " 29.2 5.8 1.6 10. 3 45.7 2.5 
T e l ~ 24.1 5.4 1.7 8.7 55.7 -
T e l l u r i u m t e t r a i o d i d e was formed i n t h e T e C l 4 I system, 
and, a f t e r f i l t r a t i o n , t h e s o l i d was an a l y s e d and a g a i n f o u n d 
t o c o n s i s t o f a c o m p l i c a t e d m i x t u r e . However, homogeneity was 
o b t a i n e d i n t h e bromoiodo- system, and a n a l y s i s d i d c o r r e s p o n d 
t o Bu.NTeBr.I, as shown i n Table 4.16. 
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TABLE 4.16 A n a l y t i c a l R e s u l t s f o r t h e TeX.I Systems (X=Cl,Br) 
SYSTEM C H N Te X I 
r e c i 4 i " 36.5 7.6 2.7 16.8 23.0 11.8 
TeBr . I ~ 4 23.5 4.4 1.7 15.6 39.1 15.5 Calc. 
24.4 4.8 1.8 14. 8 39.2 15.5 Obs. 
The f l u o r o t e l l u r a t e s were p r e p a r e d by e i t h e r m i x i n g 
t e l l u r i u m t e t r a f l u o r i d e ( S e c t i o n 6.7.3) w i t h t h e a p p r o p r i a t e 
t e t r a b u t y l a m m o n i u m h a l i d e i n d i c h l o r o m e t h a n e and t h e n pumping 
o f f t h e s o l v e n t f r o m t h e r e s u l t i n g s o l u t i o n , o r by m i x i n g t h e 
a p p r o p r i a t e t e l l u r i u m t e t r a h a l i d e w i t h sodium f l u o r i d e and 
18-crown-6 e t h e r i n a c e t o n i t r i l e . Tetrabutylammonium p e n t a -
f l u o r o t e l l u r a t e was pre p a r e d as d e s c r i b e d i n S e c t i o n 6.7.2. 
TABLE 4.17 A n a l y t i c a l R e s u l t s f o r t h e F l u o r o t e l l u r a t e Systems 
SYSTEM C H - N Na Te - Br - I F 
TeF^Br - 36. 5 6.8 2.7 - . 24. 3 15.2 - 14.5 Calc. 
36. 5 8.6 2.7 - 24. 3 15.0 - Obs. 
T e F 4 I ~ 33. 5 6.7 2.4 - 22.2 - 22.1 13.3 C a l c . 
34.6 8.4 2.6 - 22.5 - 22.0 Obs. 
TeBr^F~ 19.1 3.2 - 3.1 16.9 42.5 - 2.5 Calc. 
20. 4 2.8 - 2.3 16.6 42.5 - Obs. 
T e I 4 F " 15.3 2.5 - 2.4 13.6 - 53.9 2.0 Calc. 
- 7.7 - 10.2 Obs. 
F l u o r i n e a n a l y s e s were n o t o b t a i n e d s i n c e an i n s u f f i c i e n t 
q u a n t i t y o f sample was a v a i l a b l e . 
A d d i t i o n o f an equ i m o l a r q u a n t i t y o f tet r a b u t y l a m m o n i u m 
c h l o r i d e d i s s o l v e d i n d i c h l o r o m e t h a n e t o a suspension o f 
t e l l u r i u m t e t r a f l u o r i d e i n t h e same s o l v e n t produced no observ-
a b l e change. However, a w h i t e s o l i d was r e c o v e r e d f r o m t h e 
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s u p e r n a t a n t l i q u o r and d i s p l a y e d i n f r a r e d bands a t 475s, 
490s and 642m cm ^, showing t h e p e n t a f l u o r o t e l l u r a t e s p e c i e s 
t o be p r e s e n t (Table 4.10). T h i s suggests t h a t t h e e q u i l i b r i u m 
5TeF 4 + 5C1~ v N 4TeF 5~ + T e C l 5 ~ 
must l i e w e l l over t o t h e l e f t . 
The r e a c t i o n between t e l l u r i u m t e t r a c h l o r i d e and sodium 
f l u o r i d e (18-crown-6) e t h e r i n a c e t o n i t r i l e gave r e s u l t s v e r y 
2-
s i m i l a r t o t h o s e o b t a i n e d f o r t h e c o r r e s p o n d i n g TeCl^F2 
system i n t h a t a s o l i d c o u l d n o t be i s o l a t e d ( S e c t i o n 2.6), 
and a g a i n t h e s o l v a t i o n o f t h e f l u o r i d e i o n i s i n v o k e d t o 
e x p l a i n t h i s b e h a v i o u r . 
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CHAPTER FIVE 
REACTIONS OF TELLURIUM DIOXIDE WITH AQUEOUS AND ANHYDROUS 
HYDROGEN CHLORIDE AND HYDROGEN BROMIDE 
INTRODUCTION 
5.1 R e a c t i o n o f T e l l u r i u m D i o x i d e w i t h Anhydrous Hydrogen C h l o r i d e 
160 
E a r l y work p o s t u l a t e d an a d d i t i o n compound,2TeO£•3HC1, 
formed by p a s s i n g d r y hydrogen c h l o r i d e over t e l l u r i u m d i o x i d e 
a t 263K. T h i s compound d i s s o c i a t e d a t room t e m p e r a t u r e , 
y i e l d i n g Te02-2HC1 (and presumably Te02)/ which l o s t w a t e r a t 
383K ( and formed TeOCl^ a t 573K. Later"*"^"1" i t was r e p o r t e d 
t h a t t e l l u r i u m d i o x i d e and hydrogen c h l o r i d e combine t o form 
Te02»3HCl a t 273K and t h a t t h i s was s u c c e s s f u l l y c o n v e r t e d t o 
TeC>2-2HCl and t e l l u r i u m t e t r a c h l o r i d e on h e a t i n g . No evidence 
162 
was o b t a i n e d f o r an o x y c h l o r i d e . P a r k e r and Robinson 
f o u n d hydrogen c h l o r i d e t o be absorbed i n v a r y i n g amounts a t 
273K, g i v i n g an inhomogenous p r o d u c t , which l o s t water c o n t i n -
u o u s l y w i t h r i s i n g t e m p e r a t u r e . They found no evidence f o r 
a d e f i n i t e ' a d d i t i o n compound i n t h e t e m p e r a t u r e range 273 t o 
16 3 
423K. F i n a l l y , Khodadad d e s c r i b e d t h e r e a c t i o n p r o d u c t 
as a y e l l o w p a s t e s o l u b l e i n methanol and p o s t u l a t e d t h e 
f o l l o w i n g : 
T e0 2 + 4HC1 > T e C l 4 + 2H 20 
He proposed TeCl^.2HC1.nH20 o r h e x a c h l o r o t e l l u r i c a c i d t o be 
t h e f i n a l p r o d u c t , s i m i l a r t o t h a t o b t a i n e d by d i s s o l v i n g 
t e l l u r i u m d i o x i d e i n c o n c e n t r a t e d h y d r o c h l o r i c a c i d , a l t h o u g h 
t h e evidence p r e s e n t e d , v i z . s o l u b i l i t y i n methanol can o n l y 
be d e s c r i b e d as tenuous. 
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5.2 R e a c t i o n o f T e l l u r i u m D i o x i d e w i t h Aqueous Hydrogen C h l o r i d e 
C h l o r o - complexes o f t e l l u r i u m ( IV) i n aqueous a c i d i c 
media have been t h e s u b j e c t o f s e v e r a l c o n f l i c t i n g r e p o r t s i n 
164 
t h e l i t e r a t u r e . An e a r l y Raman st u d y o f s o l u t i o n s o f 
t e l l u r i u m t e t r a c h l o r i d e (1.5M) i n h y d r o c h l o r i c a c i d gave t h e 
f o l l o w i n g r e s u l t s : 
TABLE 5.1 Raman S p e c t r a o f S o l u t i o n s o f T e l l u r i u m T e t r a c h l o r i d e i n 
H y d r o c h l o r i c A c i d 
M o l a r i t y o f 
HC1 Frequencies (cm ) 
0 275w, b r 66 8vw,br 
1.5 136w 263-286m 665vw,br 
3 132w 265-287m 665vw,br 
6 90vw 138w 256s, b r 297s, b r 
9.7 80vw 133w 263s, b r 308s, br_ _ 
12.5 77vw 138w 264s, b r 311s, b r 
The s t r o n g p o l a r i s e d band near 300 cm was as s i g n e d t o 
a t e l l u r i u m - c h l o r i d e symmetric s t r e t c h . Three o t h e r f r e q u e n c i e s , 
263, 135 and 80 cm-'1" were a l s o t h o u g h t t o i n v o l v e t e l l u r i u m 
c h l o r i n e m o t i o n w h i l e t h a t a t 665 cm ^ was as s i g n e d t o a 
t e l l u r i u m - o x y g e n s t r e t c h i n g mode. Et h e r e x t r a c t s o f s o l u t i o n s 
a t low a c i d c o n c e n t r a t i o n s were o b t a i n e d and Raman s p e c t r a o f t h e 
e x t r a c t s showed t h a t one complex, w i t h bands a t 134, 258, 289 
and 668 cm-"1', was fo u n d t o predominate. Analyses r e v e a l e d t h e 
t e l l u r i u m : c h l o r i n e r a t i o t o be 1:4 and so t h e complex was 
i d e n t i f i e d as TeCl 4-OH 2 w i t h t h e oxygen atom t r a n s t o t h e l o n e 
p a i r i n an o c t a h e d r a l arrangement. Since t h e spectrum o f t h i s 
complex was v e r y s i m i l a r t o t h a t o f t h e aqueous s o l u t i o n which 
y i e l d e d i t , TeCl..0H„ was assumed t o be t h e dominant s p e c i e s 
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a t l o w e r c o n c e n t r a t i o n s o f h y d r o c h l o r i c a c i d . At h i g h e r 
c o n c e n t r a t i o n s , p e n t a - and h e x a c h l o r o - s p e c i e s were p o s t u l a t e d . 
2-
The presence o f TeOCl^ i n c o n c e n t r a t e d h y d r o c h l o r i c a c i d 
16 5 
was proposed i n an ion-exchange s t u d y . L a t e r a s i m i l a r 166 ~f~ 2 s t u d y i d e n t i f i e d T e C l 3 , T e C l 4 and T e C l & ~ w i t h h y d r o l y s i s 
p r o d u c t s o f t h e l a t t e r a n i o n b e i n g p r e s e n t i n v e r y d i l u t e 
s o l u t i o n s . 
2-
The s p e c i e s TeCl^<H^O) 2> T e C l 5 ( H 2 0 ) and T e C l 4 ( O H ) 2 
o r TeCl^tOH)(H 20) were e x t r a c t e d i n t o a l c o h o l s from s o l u t i o n s 
o f t e l l u r i u m (IV) i n h y d r o c h l o r i c a c i d and i d e n t i f i e d by 
16V 
analogy w i t h t h e known b e h a v i o u r o f t i n (IV) and antimony ( V ) . 
Shikheeva"*"^ s u b s e q u e n t l y o b t a i n e d f o r m a t i o n c o n s t a n t s f o r t h e s e 
s p e c i e s and proposed: 
[Te(OH) 2 C 1 4 ] 2 ~ [ T e O C l 4 ] 2 " + H 20 
169 " 
A q u a n t i t a t i v e s t u d y , u s i n g u l t r a v i o l e t s p e c t r o -
p h o t o m e t r y , employed f r e s h l y p r e c i p i t a t e d t e l l u r o u s a c i d i n 
h y d r o c h l o r i c a c i d s o l u t i o n s . The sp e c i e s TeO(OH)Cl, TeOCl 2, 
2- 2-
TeOCl^ , TeOCl 4 and TeCl^ , were proposed as b e i n g p r o -
g r e s s i v e l y formed as t h e a c i d c o n c e n t r a t i o n was i n c r e a s e d . 
A d d i t i o n o f l i t h i u m c h l o r i d e t o these s o l u t i o n s showed t h a t 
w i t h i n c r e a s e i n a c i d c o n c e n t r a t i o n , t h e range i n which c h l o r o -
complexes predominate i s d i s p l a c e d t o lowe r c h l o r i d e concen-
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t r a t i o n s . Petkova and V a s s i l e v f o r w a r d e d t h e f o l l o w i n g 
e q u i l i b r i u m , a g a i n on t h e b a s i s o f u l t r a v i o l e t s t u d i e s : [ T e ( O H ) , ] 2 - + nHCl . s [Te(OH), C l 1 2 ~ + nH o0 L 6 J 5 5 L 6-n n J 2 
However, t h e c o m p o s i t i o n o f t h e complexes was n o t de t e r m i n e d . 
7 6 
Raman s p e c t r a o f a s o l u t i o n o f t e l l u r i u m d i o x i d e i n 
h y d r o c h l o r i c a c i d showed o n l y t h r e e bands a t 130, 255 and 
290 cm - 1. A l l were a s s i g n e d t o t h e h e x a c h l o r o t e l l u r a t e a n i o n 
9 4 
and no evidence o f h y d r o l y s i s was observed. 
H e x a c h l o r o t e l l u r a t e s have themselves been s t u d i e d i n 
h y d r o c h l o r i c a c i d s o l u t i o n s u s i n g u l t r a v i o l e t and v i s i b l e 
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s p e c t r o p h o t o m e t r y and t h e f o l l o w i n g e q u i l i b r i u m p u t f o r w a r d 
T e C l , 2 + iH„0 ; = = i TeCl, . ( H „ 0 ) . 1 + ( 2 ) + i C l ' 
D I D - l 2 1 
5.3 R e a c t i o n o f T e l l u r i u m D i o x i d e w i t h Anhydrous Hydrogen Bromide 
173 
D i t t e f o u n d t h a t t e l l u r i u m d i o x i d e and hydrogen bromide 
r e a c t e d a t 258K t o form TeC^^HBr, which decomposed, a t 323K 
t o g i v e TeC^•2HBr, a t 343K t o t h e oxybromide and above 343K t o 
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t h e t e t r a b r o m i d e . P a r k e r and Robinson a l s o i n v e s t i g a t e d 
t h e system b u t o b t a i n e d no c o n c l u s i v e r e s u l t s . 
5.4 R e a c t i o n o f T e l l u r i u m D i o x i d e w i t h Aqueous Hydrogen Bromide 
S o l u t i o n s o f t e l l u r i u m d i o x i d e and l i t h i u m o r sodium 
bromide i n p e r c h l o r i c a c i d , and o f t h e d i o x i d e i n a m i x t u r e 
o f hyd-robromic a c i d a n d — p e r c h l o r i c - a c i d , -were s t u d i e d -using 
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u l t r a v i o l e t s p e c t r o p h o t o m e t r y . I n t h e l a t t e r system t h e " 
h e x a b r o m o t e l l u r a t e a n i o n was p o s t u l a t e d whereas i n t h e f o r m e r , 
t h e c a t i o n TeBr^ + was proposed. The f o l l o w i n g e q u i l i b r i a 
were p r e s e n t e d : 
[ T e 2 0 3 ( O H ) ] + + 6Br" + 7 H 3 0 + L ]- > Na ,H^0^ 2 T e B r 3 + + 11H 20 
c i o ^ 
[ T e 9 0 , ( O H ) ] + + l 2 B r " + 7H,0 + 2 T e B r 6 2 " + 11H 20 
c i o 4 " 
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The n a t u r e o f t h e p r o d u c t s p e c i e s was deduced f r o m c a l c u l a t i o n s 
o f c o o r d i n a t i o n number u s i n g e q u i l i b r i u m c o n s t a n t s . L a t e r J 
t h e h e x a b r o m o t e l l u r a t e a n i o n was a g a i n p o s t u l a t e d i n s o l u t i o n s 
o f t e l l u r i u m (IV) i n s t r o n g a c i d s i n t h e presence o f bromide 
i o n s . 
S o l u t i o n s o f t e l l u r i u m d i o x i d e i n hydrobromic a c i d have 
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a l s o been s t u d i e d u s i n g Raman sp e c t r o s c o p y and t h e presence 
o f t h e h e x a b r o m o t e l l u r a t e s p e c i e s i n f e r r e d . 
RESULTS AND DISCUSSION 
5.5 R e a c t i o n o f T e l l u r i u m D i o x i d e w i t h Anhydrous Hydrogen C h l o r i d e 
Weight a n a l y s i s e x p e r i m e n t s e s t a b l i s h e d Te02.4HCl t o be 
the s t a b l e p r o d u c t c o m p o s i t i o n a t room t e m p e r a t u r e and t h i s 
c o m p o s i t i o n , t o g e t h e r w i t h Te02.2HCl and Te0 2.6HCl were s e a l e d 
up i n 8mm. O.D. s i l i c a t u b e s . I n each case, b o t h a p a l e y e l l o w 
s o l i d and a da r k y e l l o w l i q u i d were observed and f o r Te02•6HC1 
an a d d i t i o n a l c o l o u r l e s s , upper l i q u i d phase. Raman s p e c t r o -
s c o p i c d a t a f o r t h e y e l l o w l i q u i d (Table 5.2) and t h e s o l i d 
(Table-5-. 3~) are given- below: ~ 
TABLE 5.2 
Raman S p e c t r a o f t h e Y e l l o w L i q u i d Phase i n t h e 
TeO„-HCl Systems 
Te0 2.2HC1 Te0 2.4HC1 Te0 2.6HCl 
92w 
144m 142sh 140sh 
290vs,p 288m,p 288sh,p 




Raman S p e c t r a o f t h e S o l i d Phase i n t h e Te0 0-HCl Systems 
Te0 2.2HC1 Te0 2.4HG1 Te0 2.6HCl 
27s 61m 60m 
39m 88m 85m 
41w 152w 149w 
81s 344m 342m 
87s 350m 349m 














I t i s i m m e d i a t e l y a p p a r e n t t h a t Te0 2.4HCl and Te0 2.6HCl 
are v e r y s i m i l a r i n n a t u r e . The above d a t a i n d i c a t e t h a t t h e 
176 
s o l i d phase c o n s i s t s o f t e l l u r i u m t e t r a c h l o r i d e so t h a t t h e 
f o l l o w i n g r e a c t i o n may be proposed w i t h some c e r t a i n t y : 
TeO- + 4HC1 > TeCl, + 2H o0 
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T h i s suggests t h a t t h e y e l l o w l i q u i d phase c o u l d be a h y d r o l y s i s 
p r o d u c t o f t e l l u r i u m t e t r a c h l o r i d e and i n o r d e r t o t r y and 
s u b s t a n t i a t e t h i s , t h e l a t t e r was s e a l e d up i n 8mm.O.D. s i l i c a 
tubes a l o n g w i t h w a ter i n v a r y i n g r e l a t i v e amounts. The 
Raman s p e c t r a o f t h e l i q u i d phases a r e l i s t e d i n Table 5.4. 
TABLE 5.4 
Raman S p e c t r a o f t h e L i q u i d Phase i n t h e TeCl.-H 0 Systems 
TeCl 4.I.5H 20 TeCl 4.3H 20' TeCl 4-6H 20 TeCl 4-10H 20 
145m 140m 142m 140m 
290vs, P 290vs,p 291vs, p 289vs, p 
358s, P 356s, p 
652m 653m 663m 670m 
Again_, t h e s p e c t r a a r e v e r y s i m i l a r , o n l y d i f f e r e n t i a t e d 
by t h e appearance o f a s t r o n g band a t 356 cm i n m i x t u r e s 
c o n t a i n i n g t h e l e a s t w a t e r . Indeed, these s p e c t r a appear 
almost i d e n t i c a l t o t h a t o f t h e l i q u i d phase o f Te0 2.2HCl 
(Table 5.2) . When more water i s p r e s e n t , t h e band a t 356 cm 
dis a p p e a r s b u t when more HC1 i s p r e s e n t , i n the^Te0 2-HCl systems, 
t h e bands a t 144, 290 and 650 cm-"'" d i m i n i s h , whereas t h e band 
a t 356cm "*" i n c r e a s e s i n i n t e n s i t y . These r e s u l t s i n d i c a t e two 
sp e c i e s t o be p r e s e n t i n t h e Te0 2-HCl m i x t u r e s . 
The band a t 650cm-"'" i s i m m e d i a t e l y a s s i g n a b l e t o a 
t e l l u r i u m - o x y g e n s i n g l e bond s t r e t c h i n g v i b r a t i o n and t h e 
p o l a r i s e d band a t 290 cm ^ l i k e w i s e a s s i g n e d t o a t e l l u r i u m -
c h l o r i n e symmetric s t r e t c h i n g v i b r a t i o n . The low f r e q u e n c y 
f e a t u r e i s most p r o b a b l y a d e f o r m a t i o n mode. U n f o r t u n a t e l y , 
t hese assignements g i v e no i n f o r m a t i o n about t h e s t r u c t u r e o f 
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t h e s p e c i e s i n q u e s t i o n . However, t e l l u r i u m - 1 2 5 n.m.r. 
s p e c t r a o f TeCl 4.6H 20 and T e C l ^ . l C ^ O e x h i b i t e d resonances 
a t 1501 ppm and 1497ppm r e s p e c t i v e l y and t h e s e v a l u e s l i e i n 
t h e f i v e c o o r d i n a t e r e g i o n o f t h e spectrum f o r c h l o r o - c o m p l e x e s 
of t e l l u r i u m (IV) ( S e c t i o n 4.3.3). 
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T a y l o r has r e p o r t e d t h e s p e c i e s , TeCl^.OH,^, t o be 
p r e s e n t i n s o l u t i o n s o f t e l l u r i u m t e t r a c h l o r i d e i n low concen-
t r a t i o n s o f h y d r o c h l o r i c a c i d and Raman bands a t 134m, 258m, 
289s and 668w cm"''' a r e quoted. The a l t e r n a t i v e f o r m u l a t i o n , 
HTeCl^OH, was d i s m i s s e d on t h e grounds t h a t a h y d r o x y l group 
i s u n l i k e l y t o e x i s t i n a c i d i c media. 
A l t h o u g h n o t e n t i r e l y analogous t o t h e above, some com-
p a r i s o n w i t h T a y l o r ' s r e s u l t s can be made, and i n t h i s work 
i t i s p r e f e r r e d t o i n v o k e t h e presence o f t h e complex a c i d 
f o r s e v e r a l reasons. F i r s t l y , t h e band a t 650 cm"^ i s a t 
t o o h i g h a f r e q u e n c y f o r a " s o l v a t e " bond and in d e e d t h e Raman 
spectrum o f t e l l u r i u m t e t r a c h l o r i d e i n d i e t h y l e t h e r , w h i c h 
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forms a s o l v a t e , e x h i b i t s bands a t 154w, 168w, 281m, 355m, 
369s and 443w cm-''" ( t h i s work), w i t h no band observed i n t h e 
t e l l u r i u m - o x y g e n s i n g l e bond s t r e t c h i n g r e g i o n . The band a t 
443 cm-''' p r o b a b l y r e p r e s e n t s t h e " s o l v a t e " bond. Secondly, 
as p o i n t e d o u t by T a y l o r h i m s e l f , t h e t e l l u r i u m - c h l o r i n e 
s t r e t c h i n g v i b r a t i o n s i n a s o l v a t e s h o u l d be f a i r l y c l o s e t o 
tho s e observed i n t e l l u r i u m t e t r a c h l o r i d e i t s e l f ( c . f . e t h e r 
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s o l v a t e , a c e t o n i t r i l e s o l v a t e ) b u t i n t h e s p e c i e s under 
i n v e s t i g a t i o n here, t h e h i g h e s t t e l l u r i u m - c h l o r i n e s t r e t c h i n g 
mode occurs a t 290 cm-"1", a p p r o x i m a t e l y 90 cm-"'' l o w e r . T h i r d l y , 
t h e c o r r e s p o n d i n g f l u o r o - a n i o n , TeF^(OH) - has been r e p o r t e d 
- 1 179 
t o e x h i b i t s t r o n g Raman bands a t 460, 505 and 700 cm 
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These were a s s i g n e d t o t h e o u t - o f - p h a s e and in-phase t e l l u r i u m -
f l u o r i n e symmetric s t r e t c h e s and t h e t e l l u r i u m - o x y g e n s t r e t c h , 
r e s p e c t i v e l y , and t h e bands observed here a r e a s s i g n e d a n a l o g -
o u s l y . F a i l u r e t o o b s e r v e . t h e o u t - o f - p h a s e mode i n t h i s work 
may be due t o masking by t h e more i n t e n s e , in-phase, s t r e t c h . 
Some s u p p o r t f o r t h i s i s s u p p l i e d by t h e p o l a r i s a t i o n s t u d y 
o f TeCl 4.6H 20. When t h e a n a l y s e r was p e r p e n d i c u l a r , t h e band 
a t 290 cm""1' appeared t o come t o a maximum a t 270 c m - 1 and d i s -
p l a y a l e s s i n t e n s e s h o u l d e r a t 290 cm F i n a l l y , t h e c r y s t a l 
s t r u c t u r e o f an a q u o t e t r a c h l o r o h y d r o x o t e l l u r a t e has been 
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r e p o r t e d . The s p e c i e s was p r e p a r e d f r o m t e l l u r i u m t e t r a -
c h l o r i d e and t e t r a p h e n y l a r s o n i u m c h l o r i d e monohydrate i n 
d i c h l o r o m e t h a n e and a l t h o u g h t h e d a t a d i d n o t enable 
2 - 4 -
T eCl 4(0H) -H20 t o be d i s t i n g u i s h e d f r o m T e C l 4 0 .H30 , t h e 
l a t t e r would g i v e r i s e t o a t e l l u r i u m - o x y g e n double bond 
s t r e t c h i n g f r e q u e n c y near 840 cm-"'", which we d i d n o t observe 
( c . f . Te0F 4 2") . i : 7 ^ 
The band a t 356 c m - 1 was n o t observed by T a y l o r , b u t i s 
t e n t a t i v e l y a s s i g n e d t o t h e p e n t a c h l o r o t e l l u r a t e a n i o n , whose 
o t h e r s t r o n g bands a t 260 and 282 c m - 1 a r e presumably masked 
( S e c t i o n 4.3.1). T h i s band i s p o l a r i s e d and r e p r e s e n t s t h e 
t e l l u r i u m - a x i a l c h l o r i n e symmetric s t r e t c h . 
The s o l i d phase, p r e s e n t i n t h e TeCl 4.1.5H 20 and 
TeCl 4.3H 20 systems, d i s p l a y e d Raman bands a t 62m, 85m, 150w, 
342m, 348s, 374vs and i s t h u s c h a r a c t e r i z e d as t e l l u r i u m t e t r a -
c h l o r i d e . No s o l i d phase was observed i n TeCl 4.6H 20 b u t i n 
TeCl 4.10H 20 a w h i t e s o l i d was d e p o s i t e d over a p e r i o d o f 
s e v e r a l months.. T h i s d i s p l a y e d Raman bands a t 60vs, 82s, 91w, 
100s, 113w, 122w, 144m, 161m, 194w, 207s, 258m, 278m, b r , 347w, 
388w, 475m, 522w, 662s, c m - 1 and i s most p r o b a b l y t e l l u r o u s a c i d . 
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The n a t u r e o f t h e s o l i d phase i n t h e Te0 2.2HCl system i s 
unknown b u t c o u l d p o s s i b l y be Te^O^C^- (The t u b e was 
hea t e d t o 180°C t o t r y and a c h i e v e homogeneity). F i n a l l y , 
t h e c o l o u r l e s s l i q u i d phase p r e s e n t i n t h e Te0 2.6HCl system, 
and w h i c h g r a d u a l l y d i s a p p e a r e d a t t h e expense of t h e y e l l o w 
l i q u i d phase, i s p r o b a b l y a m i x t u r e o f hydrogen c h l o r i d e and 
18;/ 
w a t e r . 
On t h e b a s i s o f t h i s evidence t h e f o l l o w i n g r e a c t i o n 
scheme i s proposed: 
T e 0 2 + 4HC1 ^ N T e C l 4 + 2H 20 
T e C l 4 + 2H 20 ^ s T e C l 4 ( 0 H ) ~ + H 3 0 + 
T e C l 4 ( 0 H ) " + HC1 v T e C l 5 ~ + H 20 
The presence o f TeCl 4(0H) .H20 cannot be r u l e d o u t b u t i n such 
a c i d i c media, p r o t o n a t i o n i s l i k e l y t o oc c u r . A l s o , t h e 
p o s s i b l e e x i s t e n c e o f h e x a c h l o r o - s p e c i e s cannot be i g n o r e d 
where hydrogen c h l o r i d e i s p r e s e n t i n excess, and an analogous 
s i t u a t i o n has been d e s c r i b e d f o r c h l o r o - complexes o f 
se l e n i u m ( I V ) . ^ ^ 
We suggest t h a t T e C l 4 ( O H ) " i s a m o d e r a t e l y s t r o n g a c i d 
( s t r o n g e r t h a n hydrogen c h l o r i d e ) t o e x p l a i n t hese r e s u l t s . 
5.6 R e a c t i o n o f T e l l u r i u m D i o x i d e w i t h Aqueous Hydrogen 
C h l o r i d e 
S o l u t i o n s c o n t a i n i n g one mole o f t e l l u r i u m d i o x i d e i n v a r y i n g 
c o n c e n t r a t i o n s o f h y d r o c h l o r i c a c i d were made up and t h e i r 
t e l l u r i u m - 1 2 5 n.m.r. and Raman s p e c t r a r e c o r d e d : 
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TABLE 5.5 
Raman and Tellurium-125 N.M.R. Spectra of TeO^-HCl, v Systems _ 2 (aq) J 
Molarity 
of HCl Raman Frequencies (cm
 1 ) NMR S h i f t (ppm) 
11 128m 272sh 304vs 651m 1390 
10 135 265 295 655 1432 
9 133 265 289 660 1465 
8 136 267 288 662 1484 
7 132 265 288 662 1502 
6 131 286 670 1529 
5 282 465vw 672 1547 
4 282 455vw 672 1550 
The three low frequency bands i n s o l u t i o n s above 6M HCl 
can be immediately assigned to the h e x a c h l o r o t e l l u r a t e anion 
(Section 2.3.1), while t h a t centred around 660 cm-''" i s due to 
a t e l l u r i u m oxygen s i n g l e bond s t r e t c h . When the band i n t e n s -
i t i e s , determined g r a p h i c a l l y and using the water bending mode 
at 1630 cm-"'" as the standard, were compared i t was found t h a t , 
whereas the h e x a c h l o r o t e l l u r a t e bands i n c r e a s e d i n i n t e n s i t y with 
i n c r e a s e i n c h l o r i d e ion concentration, the high frequency band 
decreased s t e a d i l y over the same concentration range. 
At lower c o n c e n t r a t i o n s , the shoulder a t 265 cm-"'", the 
frequency of which became i n c r e a s i n g l y d i f f i c u l t to measure, 
f i n a l l y disappeared and the most i n t e n s e band moved to s l i g h t l y 
lower frequency, while the tellurium-oxygen band moved to higher 
frequency. I n a d d i t i o n , tellurium-125 chemical s h i f t entered 
the f-ive-coordinate region. I n f a c t , the s p e c t r a c l o s e l y 
resemble those obtained from the more d i l u t e s o l u t i o n s of 
t e l l u r i u m t e t r a c h l o r i d e i n water. Comparison can a l s o be made 
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w i t h T a y l o r ' s r e s u l t s s i n c e 1.5M t e l l u r i u m t e t r a c h l o r i d e i n 
1.5M h y d r o c h l o r i c a c i d i s comparable t o 1M t e l l u r i u m d i o x i d e 
i n 5M h y d r o c h l o r i c a c i d . 
The f o l l o w i n g e q u i l i b r i a a r e proposed t o e x p l a i n t h e s e 
r e s u l t s : 
TeO~ + 6HC1 * T e C l , 2 - + 2H-,0+ 2 aq ^  6 3 
T e C l , 2 - + H o0 N TeCl.(OH)" + HC1 ~ 6 2 4 2 
The o r i g i n o f t h e v e r y weak bands a t 460 cm-^" remains unknown, 
b u t i t c o u l d be due t o a weak t e l l u r i u m - o x y g e n " s o l v a t e " - t y p e 
bond ( S e c t i o n 5.5). 
5 . 7 R e a c t i o n o f T e l l u r i u m Dioxide with Anhydrous Hydrogen Bromide 
T e l l u r i u m d i o x i d e was s e a l e d up w i t h hydrogen bromide i n 
s e v e r a l r a t i o s . I n c o n t r a s t t o t h e c h l o r o - analogues, t h e s e 
systems gave r i s e t o o n l y one p r o d u c t phase, a y e l l o w - o r a n g e 
s o l i d . The Raman d a t a a r e l i s t e d i n Table 5.6. 
TABLE 5.6 
Raman Sp e c t r a o f t h e Te0 o-HBr Systems 
Te0 2.2HBr Te0 2.3HBr Te0 2.6HBr 
2 3w 23w 
50m 50m 49s 
63w 65sh 
77m 78m 75s 
105w 
124w 124w 125w 
133w 133w 
155w 
225s 222sh 225s 
228s 231m 
248s 248s 247s 
103 
These r e s u l t s enable the s o l i d to be c h a r a c t e r i z e d as 
17'6 
t e l l u r i u m tetrabromide. The absence of a l i q u i d phase, apart 
from l i q u i d hydrogen bromide i n Te02-6HBr, i s s u r p r i s i n g but 
i t i s c l e a r t h a t the s p e c i e s TeBr^(OH)~ i s not obtained. T h i s 
may w e l l be due to the g r e a t e r a c i d i t y of hydrogen bromide, 
when compared with hydrogen c h l o r i d e , so t h a t water i s immed-
i a t e l y protonated, forming H.jO+Br . Some evidence f o r t h i s 
i s provided by the appearance of a weak, broad band a t 3540 cm-"*", 
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a s s i g n a b l e to the hydroxonium c a t i o n , i n the Raman spectrum 
of Te02.3HBr. T h i s suggests t h a t H 3 0 + B r - i s a s o l i d a t room 
temperature but f u r t h e r work i s necessary. 
5.8 Reaction of T e l l u r i u m Dioxide with Aqueous Hydrogen Bromide 
Sol u t i o n s c o n t a i n i n g one mole of t e l l u r i u i n dioxide i n 
varying concentrations of hydrobromic a c i d were prepared and 
t h e i r Raman and tellurium-125 n.m.r. s p e c t r a recorded: 
TABLE 5.7 
Raman Spectra of the Te0_-HBr, x Systems 1 2 (aq) 
Concentration 
of HBr(M) Raman Frequencies (cm
 1 ) NMR S h i f t (ppm) 
9 74m 155s 173vs 323w, br 1339 
8 74m 158sh 171vs 328w, br 1339 
7 73m 156sh 172vs 323w, br 1343 
6 73m 152sh 171vs 632vw,br 1354 
5 72m 155sh 171vs 645vw,br 1408 
The three low frequency bands can be immediately assigned 
to the hexabromotellurate anion ( S e c t i o n 2.3.1) and the n.m.r. 
r e s u l t s suggest t h i s to be the most abundant s p e c i e s a t a l l 
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concentrations s t u d i e d . The band a t 645 cm - i n d i c a t e s the 
presence of oxo- species but the o r i g i n of the f e a t u r e a t 
323 cm-"1" remains u n c e r t a i n . The absence of oxo- species i n 
any s i g n i f i c a n t q u a n t i t y , i n c o n t r a s t t o the c h l o r o - system, 
may w e l l be due t o the greater s t a b i l i t y of the hexabromo-
t e l l u r a t e anion. 
CONCLUSION 
This work has e s t a b l i s h e d t h a t t e l l u r i u m d i oxide reacts 
w i t h anhydrous hydrogen c h l o r i d e or hydrogen bromide t o form 
the corresponding t e l l u r i u m t e t r a h a l i d e . The nature of the 
other products of the two rea c t i o n s i s less c e r t a i n but they 
are c l e a r l y q u i t e d i f f e r e n t . Further work i s necessary i n 
t h i s area, i n c l u d i n g a study of the HBr-H^O system. 
The aqueous acids r e a c t w i t h t e l l u r i u m d i o x i d e t o form 
the hexahalogenotellurate anions but only the c h l o r o - species 
reacts f u r t h e r t o any extent t o form chloro-oxo- species, but 
again f u r t h e r work may y i e l d more p o s i t i v e r e s u l t s . 
EXPERIMENTAL 
5.9 Reaction of T e l l u r i u m Dioxide w i t h Anhydrous Hydrogen Halide 
I n a t y p i c a l experiment, t e l l u r i u m d i o x i d e (ca.4mmol.) 
was placed i n an 8mm.O.D. s i l i c a tube approximately 18cm. i n 
length, f i t t e d w i t h a B14 cone and w i t h a c o n s t r u c t i o n approx-
imately 4cm before the cone. The tube was then attached t o 
the vacuum l i n e v i a a tap and the whole was evacuated. The 
r e q u i s i t e amount of hydrogen h a l i d e was then condensed onto 
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the d i o x i d e a t 77K from a bulb of accurate l y known volume. 
The tube was then sealed o f f a t the c o n s t r u c t i o n and allowed 
t o warm t o room temperature i n a fume cupboard. 
5.10 Reaction of T e l l u r i u m Dioxide w i t h Aqueous Hydrogen Halide 
I n t h i s work, concentrated h y d r o c h l o r i c a c i d was assumed 
t o be 11.3M and concentrated hydrobromic ac i d t o be 9M. 
A l i q u o t s of 2ml of concentrated a c i d were made up w i t h the 
re l e v a n t amount of water t o give the necessary concentrations. 




6.1 The Dry Box 
As many of the compounds used i n t h i s work were s e n s i t i v e 
t o moisture, t h e i r manipulation was c a r r i e d out under an 
atmosphere of dry n i t r o g e n . The box, of approximately 30 1. 
capacity, was manufactured i n the Science S i t e workshop a t 
Durham using a design o r i g i n a t i n g from the U n i v e r s i t y of Warwick. 
The n i t r o g e n was provided from a c e n t r a l l i q u i d n i t r o g e n 
r e s e r v o i r r a t e d at less than 6 p.p.m. oxygen and 10 p.p.m. water. 
Deoxygenation was achieved before the gas entered the departmental 
l i n e by passing over hot copper and was d r i e d j u s t before the 
box by means of a tower, about lm. i n length, c o n t a i n i n g 
phosphorus pentoxide, maintained i n p o s i t i o n by glass wool. 
Also, dishes of phosphorus pentoxide and sodium-potassium a l l o y 
were lo c a t e d around the box f l o o r . The n i t r o g e n i n the box was 
p e r i o d i c a l l y pumped through a t r a p , cooled t o 87K w i t h l i q u i d 
a i r , t o ensue the removal of any solvent vapour present. Entry 
t o and e x i t from the box was e f f e c t e d by two p o r t s . The main 
p o r t was purged w i t h n i t r o g e n f o r a t l e a s t 30 minutes before 
entry w h i l e the smaller "quick-entry" p o r t could be purged much 
more q u i c k l y or evacuated. The r a t e of f l o w i n t o the box was 
c o n t r o l l e d using a needle valve. A water pump was connected t o 
enable f i l t r a t i o n s t o be c a r r i e d out. 
6.2 The Vacuum Line 
This i s depicted i n Figure 6.1 and consisted of three 
sections: a pumping s e c t i o n , a general working s e c t i o n and a 
f r a c t i o n a t i n g s e c t i o n . The pumping s e c t i o n contained a Jencons 
107 
mercury d i f f u s i o n pump backed by an Edwards two-stage r o t a r y 
o i l pump. The capacity of the d i f f u s i o n pump was b e t t e r than 
-1 - 3 - 5 30 l . s . a t 10 t o 10 mm Hg. This pump was e l e c t r i c a l l y 
heated using a 320W heating c o l l a r . The c r i t i c a l backing 
pressure of 0.2mm Hg was r e a d i l y obtained using the o i l pump, 
which provided a pumping speed of 22 1. min.-"*" and optimum vacuum 
_3 
b e t t e r than 10 mm Hg. The pumping s e c t i o n was p r o t e c t e d by a 
col d t r a p maintained a t 77K. A f t e r use, the d i f f u s i o n pump 
was i s o l a t e d v i a taps 1 and 2 and a i r was admitted t o the r o t a r y 
pump v i a tap 3 t o prevent "suck-back" of pump o i l . As a f u r t h e r 
precaution, the device shown i n Figure 6.2 was i n s e r t e d i n the 
hose connection t o the o i l pump. The general working s e c t i o n 
contained f i v e taps, f o u r of which were f i t t e d w i t h B14 sockets, 
and the f i f t h (tap 4) f i t t e d w i t h an S19 socket. The three 
sockets below the manifold were used f o r the attachment of 
various pieces of apparatus w h i l e above the manifold the S19 
socket was used t o connect the manometer, the remaining tap 
being occupied by a Vacustat, a simple McLeod gauge capable of 
-5 
measuring pressure down t o 10 mm Hg. Sockets were found t o be 
more convenient than cones on the vacuum l i n e , since removal of 
grease from a detached piece of apparatus was easier i f i t 
terminated i n a cone. 
The f r a c t i o n a t i n g s e c t i o n was used f o r the p u r i f i c a t i o n 
of hydrogen c h l o r i d e and hydrogen bromide u t i l i s e d i n the r e -
actions described i n Chapter Five. The s e c t i o n comprised three 
i s o l a t a b l e t r a p s of a diameter making a close f i t w i t h a standard 
"Thermos" dewar. The method of p u r i f i c a t i o n i s described i n 
Section 6.10. 
LOB 










00 tfl tO 
tO CO 00 
00 
to the vacuum system 
I 
i n 
rotary o i l pump 
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The pressure i n the vacuum l i n e was measured using a 
d i r e c t - r e a d i n g , U-shaped mercury manometer. This was made 
from 10mm. bore t u b i n g and was fastened t o a meter r u l e which 
was i t s e l f attached t o a v e r t i c a l wooden board. The manometer 
was set up by evacuating i t and then adding the mercury from a 
tap funnel i n the top B14 socket. A i r was then.admitted and 
the tap funnel replaced by a stopper. A l i t t l e mercury was 
then blown i n t o the side r e s e r v o i r thus removing any traces of 
v o l a t i l e substances remaining. The pressure was measured by 
reading the d i f f e r e n c e i n the mercury l e v e l s . 
Saturated hydrocarbon grease (Apiezon L and M) was used 
i n the vacuum system: (L grade being used f o r taps w i t h i n the 
system since i t remained more f l u i d a t lower ambient temperature). 
Hydrocarbon wax (Picene) was employed on the tap connection t o 
t h e - d i f f u s i o n pump since t h i s would withstand the elevated 
temperature i n t h i s area. 
6.3 X-Ray Power D i f f r a c t i o n Photography 
Photographs were taken using a P h i l i p s PW1024 18cm. Debye 
Scherrer powder camera mounted on a P h i l i p s PW1009/80 X-ray 
generator, using copper r a d i a t i o n . Samples were sealed 
i n 0.5mm. glass c a p i l l a r y tubes. 
6.4 Fluorine-19 N.M.R. Spectroscopy 
Spectra were recorded at 84.675MHz on a Bruker HX90E 
spectrometer, modified f o r F o u r i e r transform o p e r a t i o n i n t h i s 
department using a N i c o l e t B-NC 12 computer. Samples were d i s -
solved i n dichloromethane-d 2 or a c e t o n i t r i l e - d ^ (the l a t t e r being 
2_ 
a b e t t e r solvent f o r species of general formula TeX.F9 and 
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TeX^F-) a t 298K. The solvent provided the deuterium l o c k 
a t 13.811MHz. Sweep widths of 20KHz were used and chemical 
s h i f t s were measured downfield from hexafluorobenzene< used as 
an i n t e r n a l reference. 
6.5 The Tellurium-125 N.M.R. Spectrometer. 
The system was based upon a 60MHz Perkin-Elmer RIO magnet 
l i n k e d t o a PDP 11/34 computer. A l l s p e c t r a l c h a r a c t e r i s t i c s , 
i . e . sweep width, p o s i t i o n of o r i g i n , number of s p e c t r a l channels, 
pulse l e n g t h and delay time, were set using the computer. The 
sweep width could be v a r i e d from 0.126KHz t o 31.25KHZ, the 
6 1 1 
number of channels from 2 t o 2 , the pulse length from l y s t o 
31ps and the delay from 0.1s t o 25.5s. The base frequency f o r 
t e l l u r i u m , 18?93487MHz, was a p p l i e d t o the r e l e v a n t c o i l using 
a Racal frequency synthesiser also c o n t r o l l e d by the computer. 
The system i s shown schematically i n Figure 6.3. 
Spectra were recorded at 307.2K, as s t a t i o n a r y samples 
contained i n 8.4mm. e x t e r n a l diametern.m.r. tubes. The chemical 
s h i f t s were measured r e l a t i v e t o dimethyl t e l l u r i u m as an ex-
t e r n a l reference, the u p f i e l d d i r e c t i o n being taken as negative. 
T y p i c a l l y , the spectrum of a sample was-recorded as-a saturated-
s o l u t i o n i n dichloromethane, w i t h a pulse length of 25ps and a 
delay of 2s. The sweep width was u s u a l l y set at 20KHz, r e -
presenting 1056 p.p.m., d i v i d e d i n t o 512 channels. Approxim-
a t e l y 20,000 scans were normally accumulated. 
6.6 V i b r a t i o n a l Spectroscopy 
I n f r a r e d spectra were recorded as n u j o l n u l l s between 
caesium i o d i d e p l a t e s on a Perkin-Elmer 577 i n f r a r e d spectro-
photometer. F a r - i n f r a r e d spectra were recorded as n u j o l mulls 
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between polythene p l a t e s on a Beckmann-R.T.T.C FS-720 Fourier 
transform spectrophotometer. 
Raman spectra were recorded on a Cary 82 instrument, 
using e i t h e r a Spectra Physics model 164 argon ion l a s e r a t 
514.5nm or a model 125 helium-neon l a s e r at 632.8nm. A l l 
samples were prepared under n i t r o g e n . 
6.7 Preparation of S t a r t i n g M a t e r i a l s 
6.7.1 Tetrabutylammonium F l u o r i d e 
This compound was prepared according t o the method 
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of Ludman, converting the i o d i d e t o the f l u o r i d e i n aqueous 
ammonia 
Bu 4NI(aq.) + AgF(aq.) +NH 3(aq.) > Bu^NF(aq.) +.AgI.NH 3(s 
T y p i c a l l y , an excess of sodium hydroxide was dissolved i n 50ml. 
water. S i l v e r n i t r a t e (20mmol) was then dissolved i n 50ml. of 
water and the sodium hydroxide s o l u t i o n slowly added w i t h s t i r r i n g 
The p r e c i p i t a t e d s i l v e r oxide was f i l t e r e d o f f using a s i n t e r 
washed w i t h d i s t i l l e d water and washed i n t o a beaker using d i s t -
i l l e d water. Ammonium f l u o r i d e (20mmol.) was added along w i t h 
60ml. of 0.88 ammonia and 60ml. of ethanol. The t e t r a b u t y l -
ammonium i o d i d e was dissolved i n 50ml. of ethanol and 40ml. 
of 0.88 ammonia and t h i s s o l u t i o n was slowly added t o the s i l v e r 
f l u o r i d e s o l u t i o n , being washed i n w i t h 20ml. of ethanol. 
A f t e r standing f o r a few minutes the white p r e c i p i t a t e of the 
s i l v e r iodide-ammonia complex was f i l t e r e d o f f on a s i n t e r and 
washed w i t h ethanol. The f i l t r a t e was evaporated t o a lower 
volume on a r o t a r y evaporator and f i l t e r e d t o remove a f u r t h e r 
p r e c i p i t a t e of Agl.NH-j. On a l l o w i n g the s o l u t i o n t o stand a 
considerable q u a n t i t y of the f l u o r i d e clathrate c r y s t a l l i s e d and 
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was f i l t e r e d o f f (8.91mmol., 44.55%). A f u r t h e r batch of 
c r y s t a l s were obtained by r o t a r y evaporation of the f i l t r a t e 
(8.39mmol., 41.94%). Thus a t o t a l y i e l d of 86.5% was obtained. 
This i s presumably very approximate as the composition i s known 
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t o vary considerably. 
Analysis: C,24.56; H,11.39; N, 1.86%. (This corresponds t o 
Bu4NF. 28.9H 20). 
6.7.2 The P e n t a f l u o r o t e l l u r a t e s 
I n a t y p i c a l experiment, t e l l u r i u m d i o x i d e (3mmol.) 
(B.D.H.Ltd., 99%) was dissolved i n 2ml. of A r i s t a r 40% hydro-
f l u o r i c a c i d (B.D.H.Ltd.) contained i n a small Teflon beaker. 
The tetrabutylammonium f l u o r i d e hydrate (taken t o be Bu4NF.291^0) 
was d i s s o l v e d i n 2ml. of concentrated h y d r o f l u o r i c a c i d , although 
two l a y e r s were obtained. The f i r s t s o l u t i o n was added but two 
layer s were s t i l l observed, even on standing overnight. More 
concentrated h y d r o f l u o r i c a c i d was added u n t i l homogeneity was 
obtained, approximately 20ml. being r e q u i r e d . The mixture 
was then heated on a steam bath i n the fume cupboard f o r several 
hours u n t i l s o l i d m a t e r i a l was observed. The beaker was t r a n s -
f e r r e d t o a p l a s t i c d essicator c o n t a i n i n g magnesium p e r c h l o r a t e 
and sodium hydroxide p e l l e t s f o r d r y i n g . When a white s o l i d 
mass had formed, t h i s was broken up w i t h a spatula and pumped 
on f o r a f u r t h e r three hours. The f i n a l y i e l d was 1.41g; 93.8%. 
The sodium s a l t was prepared i n an analogous manner. 
However, since tetramethylammonium f l u o r i d e was not a v a i l a b l e 
i n s u f f i c i e n t q u a n t i t y , the s a l t of t h i s c a t i o n was obtained 
from the c h l o r i d e using anhydrous hydrogen f l u o r i d e (B.D.H.Ltd.). 
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TABLE 6.1 A n a l y t i c a l Results f o r the P e n t a f l u o r o t e l l u r a t e s 
CATION C H N Na Te F 
Bu 4N + 4 1 . 3 7 . 8 3 . 0 — 2 7 . 4 2 0 . 4 Calc. 
4 1 . 6 8 . 1 3 . 0 2 0 . 2 Obs. 
Me .N+ 4 
1 6 . 2 
1 6 . 3 
4 . o' 
4 . 4 
4 . 7 
5 . 0 
— 4 3 . 0 
4 2 . 9 
3 2 . 0 




— — — 9 . 4 
1 0 . 1 
5 2 . 0 
5 2 . 0 
3 8 . 7 
3 9 . 3 
Calc. 
Obs. 
6.7.3 T e l l u r i u m T e t r a f l u o r i d e 
This was prepared i n a s i m i l a r manner t o the method 
18 5 
of Seppelt . T e l l u r i u m d i o x i d e (8.2g. , 0.05iamol.) (B.D.H.Ltd., 
3 
99%) was placed i n a 160cm s t a i n l e s s s t e e l pressure vessel and 
sulphur t e t r a f l u o r i d e (22g., 0.2-mmol)-, k i n d l y provided by 
Professor R.D. Chambers, was condensed i n a t 77K. The vessel 
was then heated f o r 8 hours a t 403K, a f t e r which i t was cooled 
t o room temperature and the gaseous products (excess SF^, SOF2) 
allowed t o escape i n a fume cupboard. The c r y s t a l l i n e residue 
_2 
was sublimed at- 379K and 10 - cm Hg. A y i e l d of 7.87g repres-
e n t i n g 77% was obtained. 
(Found: Te, 61.6; F, 37.3%. Calc. f o r TeF.: Te, 62.7; F,37.3%). 
6.7.4 T e l l u r i u m Dichloridedibromide 
T e l l u r i u m d i c h l o r i d e was prepared by a method 
97 
s i m i l a r t o t h a t of Aynsley. Difluorodichloromethane (B.D.H. 
L t d . ) , p r e v i o u s l y d r i e d by passing through concentrated s u l p h u r i c 
aci d and phosphorus pentoxide, was l e d over molten t e l l u r i u m 
3 
(Hopkin and Williams, t e c h n i c a l grade) (Mg) a t 773K, and 100cm 
m i n . - 1 contained i n the second s e c t i o n of a 2.5cm O.D. Pyrex tube, 
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c o n s t r i c t e d a t i n t e r v a l s of 10cm t o f u r n i s h s i x s e c t i o n s . A 
t r a p a t 193K ( s o l i d carbon dioxide) was used t o t r a p out excess 
difluorodichloromethane and t h i s was protected by a calcium 
c h l o r i d e d r y i n g tube. The black product was d i s t i l l e d forward 
i n the gas stream i n t o the l a s t s e c t i o n which was then sealed 
o f f and taken i n t o the glove box. The r e a c t i o n proceeds 
according t o : 
2CF 2C1 2 + Te > (CF 2C1) 2 + TeCl 2 
T e l l u r i u m d i c h l o r i d e (0.3g, 1.6mmol) was placed 
i n a r e a c t i o n vessel (simply a tube f i t t e d w i t h a B14 cone), 
which was then t r a n s f e r r e d t o the vacuum l i n e and evacuated and 
an excess of. bromine (0.5ml, 9mmol) was condensed onto the d i -
c h l o r i d e a t 77K. A f t e r having allowed the mixture t o reach 
ambient temperature, excess bromine was pumped o f f y i e l d i n g a 
y e l l o w s o l i d . 
(Found: Te, 35.7; CI, 19.6; Br, 44.4%. Calc. f o r TeCl 2Br 2; 
Te, 35.6; Cl, 19.8; Br, 44.6%). 
6.7.5 T e l l u r i u m Dibromidediiodide 
This p r e p a r a t i o n was attempted according t o the 
9 8 
method of Aynsley and Watson. Bromotrifluoromethane (B.D.H.Ltd.) 
d r i e d w i t h concentrated sulphuric a c i d and then w i t h phosphorus 
pentoxide was l e d over molten t e l l u r i u m (^4g) (Hopkin and 
Williams, t e c h n i c a l grade) at about 773K, i n an apparatus i d e n t -
i c a l t o t h a t described i n the previous s e c t i o n . The product, 
a black powder was sublimed forward i n the gas stream and 
c o l l e c t e d i n the f i n a l s e c t i o n . This was then sealed o f f and 
taken i n t o the glove where i t was t r a n s f e r r e d t o a sublimation 
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apparatus. The black s o l i d , a mixture of t e l l u r i u m and 
i t s tetrabromide, was sublimed under vacuum a t 473K on t o a 
cold f i n g e r maintained a t 89K ( l i q u i d a i r ) . The sublimate, 
a black s o l i d together w i t h the residue, also a black s o l i d , 
were analysed and the r e s u l t s , together w i t h the c a l c u l a t e d 
values f o r t e l l u r i u m dibromide, are given i n Table 6.2. 
TABLE 6.2 A n a l y t i c a l Results f o r TeBr ? System 
Te Br 
Sublimate 44. 7 54.4 
Residue 91. 1 -
Calculated 
f o r TeBr 2 44. 2 55.8 
Although the sublimate gave r e s u l t s which appear promising i t 
d i d not dissolve, i n ether and was recovered unchanged— I t i s 
t h e r e f o r e supposed t h a t the product c o n s i s t s of a s o l i d s o l u t i o n 
of t e l l u r i u m i n i t s tetrabromide. 
6.8 Analyses 
Carbon, hydrogen and nXtrogeh were determined by micro-
combustion using a Perkin-Elmer 240 elemental analyser, using 
the s e r v i c e provided i n the Chemistry Department of the U n i v e r s i t y 
of Durham. 
Sodium and t e l l u r i u m were determined by using a Perkin-Elmer 
403 atomic absorption spectrophotometer. 
Chlorine was determined p o t e n t i o m e t r i c a l l y against 0.01M 
s i l v e r n i t r a t e s o l u t i o n using an Ag, AgCl elec t r o d e i n an acetone 
medium, f o l l o w i n g Schoniger oxygen f l a s k combustion. Bromine 
186 
and i o d i n e were determined, using iodometric methods, also 
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f o l l o w i n g Schoniger oxygen f l a s k combustion. A t o t a l halogen 
content was f i r s t obtained f o r mixed chlorobromo- compounds 
using the p o t e n t i o m e t r i c method, fo l l o w e d by iodometric deter-
mination of bromine only. For chloroiodo- species, treatment 
w i t h hydrogen peroxide and fuming n i t r i c a c i d was f o l l o w e d by 
p o t e n t i o m e t r i c determination of c h l o r i n e . The i o d i n e was then 
determined i o d o m e t r i c a l l y . The halogens i n bromoiodo- com-
186 
pounds were determined i n d i v i d u a l l y by iodometric t i t r a t i o n . 
F l u o r i n e was determined by d i s s o l v i n g the compound i n 
water f o l l o w e d by passage down an ion-exchange column t o y i e l d 
h y d r o f l u o r i c a c i d . This was then t i t r a t e d against 0.02M 
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sodium hydroxide. The r e s u l t s obtained from the a n a l y t i c a l 
s e r vice were found t o be v a r i a b l e , e s p e c i a l l y those f o r mixed 
halogeno- species and i n some cases only a t o t a l halogen content 
could be obtained (Table 2.23). 
6.9 Solvents 
Acetone and dichloromethane were d r i e d over 4A mesh 
molecular sieve and stored under n i t r o g e n . A c e t o n i t r i l e was 
d i s t i l l e d from phosphorus pentoxide and then stored ovelr"mole-
c u l a r sieve under n i t r o g e n . 
6.10 P u r i f i c a t i o n of Hydrogen Chloride and Hydrogen Bromide 
Hydrogen c h l o r i d e , e l e c t r o n i c grade, was purchased from 
B r i t i s h Oxygen Chemicals L t d . , hydrogen bromide from B.D.H. Lt d . 
Hydrogen c h l o r i d e was admitted t o a 10 l i t r e storage bulb, v i a 
the vacuum l i n e , up t o a pressure of 1 atmosphere. The 
hydrogen c h l o r i d e was then cooled t o 77K so t h a t any a i r which 
may have leaked i n could be removed by pumping. Subsequently, 
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the gas was f r a c t i o n a t e d through t r a p s a t 189K (acetone/solid 
carbon d i o x i d e s l u r r y ) and 178K (toluene slush bath) before 
being trapped a t 77K. When a l l of the gas had been f r a c t i o n a t e d , 
i t was r e t u r n e d t o the storage bulb. 
Hydrogen bromide was t r e a t e d s i m i l a r l y , except that, the 
traps i n the f r a c t i o n a t i o n s e c t i o n were maintained a t 209K 
(chloroform slush bath) and 195K ( e t h a n o l / s o l i d carbon d i o x i d e 
s l u r r y ) . 
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APPENDIX 
TABLE 1 Values of 49 f o r the C h l o r o i o d o t e l l u r a t e Systems 
TeCl, 2" 
D 
T e C l 5 I 2 T e C l 4 I 2 2 - 2- Tel fh2' Tel 5 c i - Tel 
2-
6 
48. 5(1) 44. 2(4) 43. 4(4) 54.8(6) 57. 6(2) 57. 3(5) 49. 8(9) 
44. 3(1) 35. 4(5) 37. 2(5) 49.4(9) 52. 9(3) 53. 3(7) 46. 6(4) 
35. 6(2) 31. 5(5) 31. 6(5) 37.1(4) 50. 8(4) 50. 7(7) 43. 6(3) 
29. 7(3) 29. 4(5) 28. 8(5) 29.0(2) 47. 0(9) 46. 8(9) 31. 0(2) 
25. 1(2) 24. 4(5) 23. 7(5) 24.0(3) 23. 2(7) 34. 1(5) 24. 3(2) 
20. 7(5) 21. 0(5) 19. 3(5) 19.3(5) 19. 5(7) 31. 6(5) 19. 9(9) 
16. 6(7) 17. 0(10) 16. 5(10) 16.8(10) 16. 6(9) 23. 1(9) 17. 3(9) 
TABLE 2 Values of 46 f o r the Bromoiodotellurate Systems 
TeBr 2 6 T e B r 5 I
2 2_ T e B r 4 I 2 T e B r 3 I 3
2 - T e I 4 B r 2 2 -
49.9 (6) 51.6(4) 51.1 (3) 54.6(5) 54.5(9) 
47.0(6) 46.3(3) 45.7(2) 52.1(4) 49.1(10) 
45.4 (6) 39.1(2) 38.7 (2) 49.2(10) 22.7 (6) 
36.1(6) 34.9 (3) 29.6(2) 19.3(10) 19.4(8) 
29.0(6) 29.9 (4) 19.4(10) 16.4(10) 15.5(8) 
24.1(6) 26.2(4) 17.0(10) 




These v a l u e s are the average of two readings. The 
r e l a t i v e i n t e n s i t i e s , shown i n parentheses, were determined 
v i s u a l l y and are only very approximate, with the most i n t e n s e 
l i n e s assigned an i n t e n s i t y of 10. 
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